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 UNITED STATES PATENT OFFICE

RODLESS PUMP

Granville S. Knox, Los Angeles, Calif., assignbr
‘to0 W. L. Cummings, Los Angeles, Calif. e

Appllcatioii May 29, 1934, Serial No. 728,078
15 Claims.- (ClL 103—46)

This invention relates to self-contained or rod- carrying fluid to and from the working cham-
less pumps for oil wells, in which the pump unit ber. ‘
itself contains a hydraulic motor for reciprocat- - Another object of the invention is to provide
ing the pump plunger, the motor being actuated 2 rodless pump assembly in which the pump is
5 by oil at high pressure delivered from a source readily removable as a unit from the motor with- 5
at the surface to the motor through small central out disassembling the motor. This permits the
tubing extending down through the well within use of the same motor operated by fluid at the
the oil tubing through which pumped oil is dis- same pressure in wells of different depths by
" charged from the pump up to the surface. merely substituting' pumping units of different
10 In view of the obvious advantages of pumps of capacities. It also permits ready replacement of 10
the general type to which this invention relates a worn pumping unit.
over conventional sucker rod pumps, many at- . Another object is to provide a rodless pumping
tempts have been made to develop commercially unit in which the motor is fully enclosed and all
successful rodless pumps. However, serious ob- its moving parts protected from contact with
15 stacles have been encountered during this de- Pumped oil from the well, which pumped oil often 15
velopment.  One defect of pumps which have contains sand and grit destructive to a moving
been otherwise satisfactory is that their over all mechanism.
diameter has been too great to permit their entry . Another object is to provide a pump structure
into oil tubing of the small dimensions necessary adapted to be attached to the lower end of the
20 in many deep wells, thereby necessitating the inner tubing and lowered into and removable from 20
mounting of the pump on the lower end of the the well on the inner tubing but in which the
oil tubing. The disadvantage of this arrange- Weight of the inner tubing is supported from the
ment is that both the inner and outer tubing outer tubing independent of the pump when the
strings have to be pulled whenever the pump is latter is in working position, thereby preventing
removed. On the other hand, a pump small Dossible distortion of the pump by the weight of 25
enough to enter into the outer tubing string can the inner tubing.
be removed by pulling only the inner tubing with-  Another object is to provide a floating working
out disturbing the outer tubing. - barrel in the motor supported only at one end so
Tt has been impracticable to reduce the over~ that it automatically aligns itself with the plunger
30 41 diameter of rodless pumps, as they have been and is also relieved of all unnecessary compres- 30
previously designed, below definite limits because, Sion or tension strains which might tend to warp
to the best of my knowledge, such pumps com- the barrel and freeze the enclosed plunger.
prised tubular body members containing pump  Another object is to provide a.rodless pump
and/or motor barrels with several fluid passages motor having a hydraulically actuated working-
85 oxtending vast one at least of the barrels and, if valve, which valve is light in weight, has a short 35
the over all' diameter of the body member were stroke and is cushioned at the end of each stroke
reduced in size, it was necessary to reduce the to eliminate shock and thereby insure long life
size of the barrel or of the fluid passages to such and high efficiency. ‘
40 20 extent as to greatly reduce the capacity of the  Another object is to provide a simple and posi-
pump. ’ tive locking mechanism for holding the valve 40
An important object of the present invention mechanism in a desired position while the pump
is to reduce the over all diameter of a rodless is being transported to and lowered into a
pump sufficient to permit its insertion in oil tub- Wwell, whereby any necessity for priming the motor
45 ing of reasonable size without unduly decreasing at the surface before lowering it into the well is
its efficiency of operation. Thisobject is attained. eliminated. Heretofore with pumps of this type
by employing in the motor a traveling barrel and suich priming has been necessary to fluid-lock the
stationary piston construction instead of the usual valve mechanism in an operative position.
stationary barrel and ‘traveling piston, and posi-  Other objects and various specific features of
50 tioning the valve mechanism which controls the the invention will become apparent from the fol- 59
fiow of fluid to and from the working chamber lowing detailed description which refers to the
of the motor within the stationary piston as- drawings. ‘ -
sembly. This permits the use of short fluid pas- In the drawings: )
sages extending through the piston assembly in- Figs. 1 to 4 are schematic diagrams illustrating
stead of longitudinally outside of the barrel, for the principle of operation of my pump, the four 5§
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2
figures disclosing the various moving elements of
the pump in different positions of operation;

Pigs. 5,6, 17, 8,9, 10, 11 and 12 are longitudinal
sectlonal views of successive portions of a pump
in accordance with the invention as it would be
actually constructed, Fig. 5 showing the upper end
of the unit and Fig. 12 the lower end;

Fig. 10A is a longitudinal sectional view show- .

ing a modification of that portion of the pump
structure disclosed in Fig. 10;
Fig. 13 is & cross section of the pump taken in

" the plane XIII—XTIT of Fig. 6;
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Fig. 14 is a cross section taken in the plane
XIV—XIV of Fig. T;

Fig. 15 is a cross section taken in the plane
XV-—-XVof Fig. 9;

Fig. 16 is a cross section taken in the plane
XVI--XVI of Fig. 10;

Fig. 17 is a cross section taken in the plane
XVII-XVII of Fig. 10;

Fig. 18 is a cross section taken in the plane
XVIOI—XVIII of Fig. 12, and -

Fig. 19 is a detail vertical section illustrating a
preferred method of joining adjacent sections of
my pump. ) »

Principles of operation

A complete understanding of the construction
and operation of my pump can be most quickly
conveyed by first explaining the general princi-
ples of operation with reference to the schematic
diagrams of Figs. 1, 2, 3, and 4 and then follow-
ing through the details of construction of an ac-

‘tual pump as disclosed in Figs. 5 to 18, inclusive.

Referring to Fig. 1, there is shown a well casing
{, within which are positioned an outer tubing
strmg 2 and an inner tubing string 3, these
strings extending from that portion of the casing
in which the pump is located upwardly through
the casing to the surface. The outer tubing 2
constitutes the usual oil tubing through which
pumped oil is delivered to the surface. The inner
tubing 3 constitutes a conduit for the transmis-
sion of clean oil at high pressure from the surface
down to the pump unit for operating the latter.
1t is to be understood that the outer tubing 2 may
be extended clear to the bottom of the well and
be supported, in part at least, by an anchor placed
on the lower end thereof. Ordinarily, of course,
the pumping unit is positioned closely adjacent
the bottom of the well and submerged in the oil
which stands in the casing |.

The pumping unit when positioned in the well
is supported from the outer tubing 2 and to this
end the tubing is provided with an inwardly pro-
jecting shoulder {{, the inner edge of which is
beveled to constitute a seat for supporting and
sealing with a block 12 on a stationary motor
plungér and pump barrel assembly 4, Block 2
and shoulder il together constitute a partition
in the outer tubing 2 so that exhaust oil from
the motor and pumped oil from the pump de-
livered into the outer tubing 2 abové the shoulder
4 will be discharged to the surface of the well,
whereas that portion of the tubing 2 below the
shoulder 11 will be fllled with oil from the well,
this oil being permitted to enter through aper-
tures #3. The component parts of the stationary

-motor plunger and pump barrel assembiy 4 in-

clude a pump barrel 14 extending downwardly
below the block 13, a connecting stem 15 extend-
ing upwardly from the block {2 to the plunger
proper {6 having a lower shoulder 7 and an
upper shoulder 18, which plunger is connected at
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its upper end to the lower end of the inner tub-
ing 3.

The traveling motor barrel and pump plunger
assembly 8 comprises a barrel 13 which seals
with the shoulders 1 and 18, and together with
those shoulders and the portion of the motor
plunger therebetween, defines the working chams-
ber of the motor. The barrel (9 is provided with
an inwardly extending shoulder 20 positioned in-
termediate the shoulders 1T and 8 on the plunger
and which seals with the plunger and constitutes
the moving piston of the motor. The barrel 19
is secured at its lower end to a pump plunger rod
2| which extends through and seals with the block
12 and terminates in a pump plunger 22. The
plunger rod 21 is hollow, as shown, and is pro-
vided with a ball check valve 23 at the lower
end. The upper end of the passage ‘within the
plunger rod 21 communicates through ports 24
with the interior of the outer tubing 2 above
the shoulder I1. The pump barrel 4 is provided
with a standing valve 25 in the lower end thereof
and with surge ports 26 in its upper end, these
ports communicating with the space below the
shoulder {{ in the outer tubing.

That portion of the stationary motor plunger
assembly positioned within the working cham-
ber of the motor is hollow, constituting & valve
chest 6, within which there is mounted a verti-
cally reciprocable piston valve 1, the latter be-
ing provided with four. vertically spaced shoul-~
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ders which seal with the walls of the valve chest

and define with the walls of the valve chest three
chambers or pockets 27, 28 and 29, respectively.
The piston valve T is actuated by fluid pressure
delivered successively to opposite ends thereof
and, to control the admission of the pressure fluid
to the ends of the piston valve, an auxiliary valve
8 is provided.

This auxiliary valve 8 constitutes a rod ex-
tending through the valve chest and through the
main valve T therein and sealing in guide chan-
nels in the stationary plunger assembly at oppo-
site ends of the valve chest 6. The auxiliary valve
§ is adapted to be reciprocated by the traveling
barrel of the motor through the medium of a
motion reversing mechanism. Thus the lower
end of the auxiliary valve 8 is secured to a rack
30 meshing with a pinion 31 rotatably supported
within the stationary plunger assembly 4, which
pinion also meshes with a rack 32 connected to

‘an actuating rod 10 provided with a cross head

33 on its lower end which is engaged either by
a cross head 34 or a shoulder 35 on the traveling
barrel assembly.

The remaining structural details of the mecha-
nism disclosed in the schematic diagram of Fig. 1
will be described in connection with the descrip-
tion of operation which follows.

Assume that all the elements of the mechanism
are in the position shown in Fig. 1, that the lower
portion at least of the outer tubing 2 is submerged
in well oil in the casing I, that the outer tubing 2
is connected at the surface to a discharge line for
pumped oil, and that a substantially continuous
stream of clean oil (hereinafter referred to as
pressure oil) is forced down from the surface
through the inner tubing 3.

The pressure fluid from tubing 3 passes through
longitudinal passages 36 into the pocket 28 of the
valve 7, from which it is admitted through pas-
sages 37 to the under side of the shoulder 20 on
the traveling barrel, which shoulder constitutes
the moving piston in the working chamber. It
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end of the working chamber above the shoulder

- 20 is connected by passage 38 to valve pocket 21
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which, with the valve T in lowermost position; is
connected through -exhaust passages 39 to the

_space surrounding the stationary motor plunger

and within the projecting upper end of the travel-
ing barrel §9. This space within the upper end
of the traveling barrel is vented to the outer tub-
ing through ports 40 at the upper-end of ‘'the
barrel. .

The traveling barrel thereupon moves upward-
ly, carrying with it the pump plunger 22. Move-
ment of the pump plunger rod 2! upwardly
through the block 12 displaces a quantity of oil
in the outer tubing 2 in which the pump mecha-
nism is submerged, forcing this oil upwardly to
the surface through the tubing 2. At the same
time the upward movement of the traveling mo-
tor barrel and pump plunger assembly 5 causes
the cross head 34 to engage the cross head 33 on
the auxiliary valve actuating rod 10, moving the
latter upwardly and causing the rack 32 to rotate
the pinion 3! in a counterclockwise direction,
thereby forcing the rack 33 and . the auxiliary
valve 8 downwardly. The traveling motor barrel
and pump plunger assembly § continue their up-
ward movement and the auxiliary valve 8 con-
tinues its downward movement until the parts are
in the relative position shown in Fig. 2. (Xt will
be observed that in Figs. 2, 3 and 4, the well cas-
ing | has been omitted to simplify the drawings).

With the parts in the position shown in Fig. 2,
the central valve pocket 28, which is at all times
supplied with pressure fluid from the inner tubing
string 3 through the passages 36, is connected
through passages 41 in the piston valve 1 with a
passage 42 in the auxiliary valve 8, the opposite
end of which passage communicates with the ex-
treme lower end of the valve chest 8, thereby
applying pressure fluid to the under end of the
piston valve T. In the position of the parts shown
in Fig. 2, the upper end of the valve chest G is
connected by passages 43 in the auxiliary valve
8 and passages 44 in the piston valve with the up-
per pocket 27 of the piston valve, which pocket is
also connected to the exhaust passage-39 leading
to the exterior of the plunger rod. Asé& result of
the - differential pressure between, the pressure
fluid supplied through the inner tubing 3 and the
pumped fluid and exhaust fluid in the outer tub-
ing 2 applied to the piston-valve 1, the latter
moves upwardly into the-position shown in Fig. 3.

With the partsin the position shown in Fig. 3
pressure fluid from the valve pocket 28 is applied
through passages 38 to the upper end of the work-
ing chamber above the shoulder 20, which con-
stitutes the moving piston within the working
chamber, and the lower end of the working cham-
ber is connected through passages 31 to the lower
valve pocket 29, which is connected through ex-
haust passages #6 to the space surrounding the
plunger below the shoulder §1, from which space
exhaust fluid is exhausted through ports 41 to

. the outer tubing 2 and thence up to the surface.

The differential pressure acting upon the shoul-
der 20 thereupon forces the latter, together with
the traveling motor barrel and pump plunger as-
sembly 5, down into the position shown in Fig. 4.

‘During the preceding upward movement of the

pump plunger 22 oil was drawn into the pump

barrel {4 through the standing valve 28. There-~-

fore, during the downward movement of the
pump plunger 22 the fluid previously drawn into

the pump barrel is displaced upwardly past the

check valve 23 in-the pump plunger through

3

the hollow pump plunger and the ports 24 into
the outer tubing 2. - The area of the pump plunger
rod 21 is preferably equal to half the area of
the plunger 22 so that equal quantities of pump
fluid are discharged into the outer tubing 2 on
both-the up and -down strokes of the plunger.

Of course, as the traveling motor barrel and
pump plunger assembly § travel down into the
position shown in Fig. 4, the auxiliary valve ]
was moved into its uppermost position. In this
position pressure fluid is admitted from the pock-
et 28 in the valve 1 through passages 48 in the
main valve and passage 49 in the auxiliary valve
to the upper end of the valve chest, thereby ap-
plying pressure fluid to the upper end of the
piston valve. At the same time the lower end
of the valve che:t is connected through passages
50 in the auxiliary valve and passages %1 in the
main valve with the valve pocket 28, which is
connected through passages 46 with the outer
tubing. The piston valve 71 thereupon moves
downwardly into the lowermost position in which
all of the parts are positioned as shown in Fig. 1,
thereby completing a cycle of operation.

It is essential to the proper operation of a
pump mechanism of the type described that the
pitton valve 1 substantially complete its move-
ment before the traveling barrel of the motor
begins.to move and it is also important that the
valve thereafter remain in the end position to
which. it was last moved until the traveling bar-
rel has completed its movement. )

Completion of the movement of the piston
valve before any appreciable movement of the
traveling barrel is effected in the mechanism dis-
closed by virtue of the fact that the pressure
of the operating fluid required to shift the piston
valve is less than that required to shift the travel-
ing barrel. - Thus the upper and lower faces of
the piston valve are of equal areas so that the
differential pressure required to shift the piston
valve is only that necessary to overcome the
friction between the sliding parts. On the other
hand, a greater differential pressure between the
operating fluid supplied through the inner tub-
ing 3 and the exhau-t fluid and pump fluid dis-
charged through the tubing 2 is required to shift
the. traveling barrel because movement of the
latter is not only opposed by the pressure of the
exhaust fluid acting against the end of shoulder
20 (the area of both ends of which are the same)
but also by the pressure of the exhaust fluid
acting against the pump plunger. In other
words, the exhaust fluid is always exerting its
pressure against an area on the traveling motor
barrel and pump plunger assembly that is larger
than the area to which pressure fluid is applied,
whereas the surfaces of the piston valve exposed
to pressure fluid and exhaust fluid, re pectively,
are always equal.

After having been once moved to an end po-
sition, the piston valve is urged to remain in that
position not only because of the pressure fluid
trapped in the opposite end of the valve chest
but also by virtue of the fact that the auxiliary
valve 8 is moved, during the major portion of
the movement of the traveling barrel, in a direc-
tion tending to maintain the piston valve in the
end position to which it was last chifted. Thus,
in Pig, 1 the piston valve T is in lowermost po-
sition and during the upward movement of the
traveling barrel into the position shown in Fig. 2
the auxiliary valve 8 is moved downwardly, there-
by tending to maintain the piston valve in its
lowermost position. Stmilarly, during the se-
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quence of operations occurring between the posi-
tions indicated in Figs. 3 and 4, the piston valve
is urged upwardly, thereby tending to maintain
it in its upper position, by the upward movement
of the auxiliary valve. L

The schematic diagrams of Figs. 1 to 4 are pro-
vided principally to illustrate the principles of
operation and make it easier to understand the
construction and operation of the practical pump
fllustrated in Figs. 5 to' 18 in which, because
of the fact that diametrical space is at a pre-
mium, a pumping capacity sufficient to make
the unit practicable is obtained by making the

- stroke of the traveling motor barrel and pump

plunger assembly, and the over all length of
the unit, much greater in proportion to the di-
ameter of the unit than is shown in the sche-
matic diagrams of Figs. 1 to 4. It is also to be
noted at this point that the practicable pump to
be described incorporates many structural fea-
tures which in the interests of clarity are omit-
ted from the schematic diagrams although many
of these features in themselves involve inven-
tion. ’
However, the schematic diagrams of Figs. 1
to 4 illustrate some of the advantages of that
feature of my construction consisting in the

‘mounting of the motor valve mechanism within

the motor plunger rod and employing a station-
ary plunger and traveling barrel instead of the
conventional traveling plunger and stationary
barrel. Thus it is apparent from an inspection

_of Fig. 1 that my construction provides rela-

tively short straight passages between the valve
chest and the two ends of the working chamber
and between the valve chest and the exhaust
passages surrounding the plunger member above
and below the working chamber. My construc-
tion also reduces the length of the pressure fluid
conduits (passages 36) connecting the inner tub-
ing with the valve chest and reduces the pressure
drop in those passages. It should be noted par-
ticularly that in my construction only a single
passage for conveying fluid (the fluid discharged
from the pump intermingled with motor ex-
haust fluid from the passages 46) upwardly past
the motor, is necessary; therefore, the entire an-
nular space between the motor barrel {9 and the
outer tubing 2 can be used for this purpose.

Construction of practicable pump as illustrated
in Figs. 5 to 18

The construction of a practicable pump em-
bodying the principles of operation disclosed in
the schematic diagrams of Figs. 1 to 4, together
with other important details of construction, will
now be explained with reference to Figs. 5 to 18,
in which elements corresponding to elements dis~
closed in Figs. 1 to 4 bear the same reference nu-
merals. It will be convenient to discuss sep-
arately the various groups of elements in the
practicable pump which correspond to parts
shown as single elements in Figs.. 1 to 4,

The outer tubing dssembly

That portion of the outer tubing 2 immedi-
ately above the pump is joined by & nipple 52
(Fig. 5) to a coupling 53. As shown in the draw-
ings, the nipple 52 is expanded at its lower end
and interiorly threaded to screw onto an exte-
riorly threaded portion of the coupling 53. The
exterior diameter of the lower portion of the
nipple 52 and of coupling 53 is slightly greater
than the body of the tubing 2 (not shown in Fig.
5) and the upper end of nipple 52, but is of sub-
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stantially the same outside diameter as the cou-
plings which are used to join successive lengths
of the outer tubing 2 so that the entire device
can be lowered through any casing large enough

‘to accommodate the outer tubing itself. The

coupling 33 projects inwardly beyond the inner
surface of the lower enlarged portion of the
nipple 52 and constitutes & guide for the mem-
ber 10 to be described later. The upper edge
53a of the coupling 53 constitutes a shoulder for
supporting a skirt 13 to be described later.

Threaded onto the lower end of coupling 53
is a sleeve 54 which extends downwardly (Figs.
5, 6,7, 8,9 and 19) to a point immediately above
the pump portion of the unit where it is threaded
onto a pump supporting coupling 55. Attached
to the lower end of the pump supporting coupling
§5 and extending downwardly therebelow is an-
other sleeve $6 (F'igs. 10, 11 and 12) extending
substantially to the lower end of the unit, where
it is threaded ontc a gas anchor coupling 57.
The anchor coupling 51 is adapted to have
screwed thereinto an upper end of any standard
gas anchor for separating gas from the oil before it
enters the pump barrel.

The stationary motor plunger and pump barrel
assembly

Referring first to Fig. 10, the stationary motor
plunger and pump barrel assembly, which is
directly supported from the pump supporting
coupling §5, comprises a hollow stem 58 having
a beveled face 5% which rests against and seals
with a complementary face on the upper end of
coupling §5. The hollow stem 58 together with
the coupling 55 constitute the elements defining
g partition in the outer tubing to permit the por-
tion of the outer tubing thereabove to be used as
a discharge passage for oil to the surface while
the portion of the outer tubing therebelow con-
tains well-oil at relatively low pressure.

Threaded onto the upper end of the hollow stem
58 is a supporting column 60, which is of tubu-
lar construction but privided with diametri-
cally opposite longitudinal slots 68a serving as
guides for the cross head to which the traveling
barrel is attached. The supporting column 68
extends upwardly (Figs. 10 and 9) and is con~
nected at its upper end by screw threads to the
lower end of a nipple §1, which constitutes the
housing for the auxiliary valve motion reversing

"mechanism. The nipple 81 is attached at its

upper end by screw threads to a block 62 consti-
tuting the lower end closure wall of the valve
chest 6. Block 62 is connected at its upper end
to the lower end of a sleeve 63 defining the lower
portion of the valve chest and also the lower
shoulder of the motor plunger that seals with the
traveling barrel and closes the lower end of the
working chamber. To this end packing rings 64
are provided on the exterior of sleeve §3 to effec-
tively seal with the traveling barrel. The pas-
sages 46 for communicating the valve chest with
the exterior of the plunger rod below the working
chamber and the passages 37 for communicating
the valve chest with the lower end of the work-
ing chamber are formed in the sleeve §3.

At its upper end the sleeve €3 is joined by
screw threads to a slesve 65, which constitutes
that portion of the plunger rod of the motor
which defines the inner wall of the annular work-
ing chamber and also the mid portion of the
valve chest. :

Sleeve 65 is attached by screw threads at.its
upper end to the lower end of a sleeve $8 which
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defines the upper portion of the valve chest and
also the upper shoulder of the motor ‘plunger
that seals with the traveling barrel and closes
the upper end of the working chamber. Sleeve
66 is provided with packing rings 61 (Figs. 7 and
6) for sealing with the traveling barrel and:con-
tains the passages 38 for communicating the valve
chest with the-upper end of the working chamber,
and exhaust passages 39 for communicating the
uppér pocket 21 of the valve with the outer tub-
ing.

Sleeve 66 is connected at its upper end by screw
‘threads to a block 68 constituting the upper end
closure . wall of the valve chest. -Sleeve 66 and
block 68 contain the longitudial passages 36 for
connecting the valve chést to the upper end of the
stationary plunger rod: which i3 exposed to the
pressure - fluid - delivered ‘throtigh - ‘the inner
tubing. ‘These passages terminate, at the upper
end of sleeve 66 and the lower end of block 68, in
annular passageways 28a to provide free fluid
connection between those portionsof the passages
36 in the two blocks regardless of whether or not
they are aligned with each other. - ‘

The block 68 constitutes a guide for the upper
end of the auxiliary valve 8 and is therefore pro-
vided with vent ports 68a for connecting the up-
per end of the auxiliary valve guide channel ‘to
the space within the outer tuibing sleeve 54 which
is filled with exhaust and pumped fluid. | ‘

The upper end of block 68 is threaded into the
lower end of a-sleeve 69, which in turn is threaded
at its upper end into the lower end of a coupling
70 which has attached thereto at its upper end
a’ deflecting cone T4 for spreading the skirt 13 in
a manner to be described later.

As shown in the schematic diagrams of Figs. 1 to
4, the inner tubing 3 is solidly attached to and sup-
ported from the stationary piunger assembly & of
the pump. Such constiuction would be undesira-
ble in practice as the relatively enormous weight
of the inner tubing might produce severe stresses
in the pump plunger which would distort it and
prevent satisfactory operation. For this reason
the expansible skirt 13 (Fig. 5) is provided for
directly supporting the weight of the inner tub-
ing from the coupling 53 in the outer tubing and
a sliding but fluid-tight connection is provided
between the coupling 10 on the lower end of the
inner tubing 8 and the upper end of the stationary
plunger assembly, which upper end is constituted
by the coupling 12 and defiecting cone Tt in
Fig: 5. The coupling member 72 on the lower end
of the inner tubing 3 is therefore provided with
an inner downwardly extending sleeve T4 which
passes downwardly through the deflecting cone
11 and is sealed therewith by packing members
Tta. The sleeve 14 is provided with a shoulder
14b thereon for limiting upward movement of the
sleeve T4 with respect to the cone Ti constituting
ithe upper end-of the stationary motor plunger
assembly. However, downward movement of the
sleeve 74 is limited only by engagement of the
skirt 13 on the coupling 12 with the shoulder §3a
on coupling 53 in the outer tubing so that the
entire weight of the inner tubing 3 is borne by
the coupling 53 whereas the entire weight of the
stationary motor plunger and pump barrel as-
sembly is borne by the outer tubing through the
lower coupling 44 (Fig. 10). ‘ ' '

The lower end of the sleeve 14 is provided with
perforations T4c therein, permitting high pres-
sure fluid to pass from sleeve 74 into the sur-
rounding space within the coupling 70 and the
sleeve 68, from which point it is free to pass down

into the hollow upper end of block 68 and thence
through the passages 36 to the valve chest.

The lower end of sleeve T4 is closed by a bush-
ing 15, which snugly engages a plug rod 16 hav-
ing an enlarged head 16a on the lower end there-
‘of which seals a vent 68b provided in the upper
end of block 68. The rod 16 is provided on its
upper end with a nut 16b so that when the sleeve
14 is elevated by lifting the inner tubing string
3, in the process of removing the pump from the
well, .the bushing 15 engages the nut 76b on the
plug rod 16 and lifts the head 16a clear of the
aperture 68b, thereby permitting fluid standing

in the inner tubing 3 to drain out through the

ports 68a into the outer tubing. -
© Auziliary valve

The auxiliary valve 8, which is shown con-
structed in one piece in the schematic diagrams
of Figs. 1 to 4, is in the practicable pump illus-
trated in Figs. 5 to 18 made in several parts.
Thus the upper end of the auxiliary valve is shown
in Figs. 6 and 7 as comprising a rod 80 having the
grooves 43 and theé central passage 48 therein.
This rod 80 is joined at its lower end by screw
threads to'a rod 81 (Figs. 7 and 8) constituting
the -central portion of the auxiliary valve and
which in turn is joined by screw threads at its
lower end to the upper end of a rod 82 having the
passage 42 and the grooves 50 therein.

The lower end of the rod 82 projects through
the block 62 defining the lower end of the valve
chest (Fig. 9 and is provided with an annular
groove 82a in its projecting lower end, which
interlocks with a shoulder 83 on the upper end
of the rack 30, which engages with the pinion 3{.
The pinion 3f, as previously mentioned, is ro-
tatably supported in the nipple 61 and also meshes
with the rack 32. The latter is provided with a
shoulder 84 on its lower end which engages with
an annular groove 85 in the upper end of the aux-
iliary valve actuating rod 0. The racks 30 and
32 are supported for free longitudinal movement
within the nipple 61 by providing grooves in the
nipple for receiving the racks, as shown clearly
in the cross section of Fig. 15,

The stroke of the auxiliary valve and of the
auxiliary valve actuating rod 10 is much less than
the stroke of the traveling barrel, the auxiliary
valve being shifted during only the last portion
of each stroke of the traveling barrel. In order
to maintain the auxiliary valve in each end stroke

‘position until it is positively displaced therefrom

by the next movement of the traveling barrel in
the opposite direction, the rod 10 is provided with
grooves I08a containing expansiblé rings 10b which
expand into recesses f0c and 10d in the upper
end of the supporting column 60 when the rod
10 is in its lowermost and its uppermost positions,
respectively. The force of the rings 10b is suffi-
cient to retain the rod 10 in the end stroke posi-
tion into which it was last moved but is not suffi-
cient to prevent the rod being moved when posi-
tively shifted by the traveling barrel. = . .

" The cross head 33 on the lower end of the actu-
ating rod 10 is constituted by a metal block ex-
tending crosswise through an aperture provided
therefor in the lower end of rod 10, the ends of
this block 33 fitting in guideways provided there-
for in the traveling barrel to be described later.
Thus the adjacent portion 108 of the traveling
barrel is provided with grooves.for receiving the
ends of the cross head 33, the length of the grooves
being equal to the difference between the stroke
of the traveling barrel and the stroke of the aux-
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Lliary valve so that the auxiliary valve will be
shifted into a new end position only during the
latter portion of each stroke of the traveling bar-
rel. In the drawings both the traveling barrel
and the auxiliary valve are shown in lowermost
position in which the ends of the cross head 33
have been engaged by the shoulders at the upper

.ends of the guide channels or grooves 100, - On.

the next upward strokz of the traveling barrel the
auxiliary valve will remain stationary until the
traveling barrel has ascended to a point where
the inner edge of the coupling 99 on the lower
end of the tubular member 100 constituting the
lower section of the traveling barrel, encounters
the lower edge of the cross head 33, thereby carry-
ing the latter and the entire auxiliary valve as-
sembly upwardly with it,-

Construction of the piston valve

The piston valve 1 is constructed in three
parts. Thus it comprises an upper member 86
which seals about the rod 80 and is ‘provided
with an upper shoulder 81 (Fig. 6) and a lower
shoulder 88 (Fig. 7) which seal with the wall of
the valve chest and define therebetween the
upper valve pocket 21. The member 81 is joined
at its lower end to the upper end of a sleeve
member 89 which contacts neither with the ad-
Jacent portion 81 of the suxiliary valve nor the
walls of the valve chest, and is provided with
perforations 89a to permit free passage of fluid
therethrough, The sleeve member 89 is provided
with a shoulder 895 immediately below the perfo-
rations 88a and detent rings 8%¢ are preferably
provided on the shoulder 89 to provide a yield-
able mechanical locking mechanism tending to
retain the piston valve in its uppermost position
after having once been moved into that position.
As shown in Fig. 7, the piston valve is in its
lowermost position, in which the detent rings
89c are substantially completely pressed within
the shoulder 88b. However, when the valve is
moved into its uppermost position the detent
rings 89c¢ rise slightly above a shoulder 65a in
the sleeve 65 constituting the adjacent portion
of the valve chest wall. The detent rings there-
upon expand and, when the valve tends to return,
the rings bear against the shouder 65z and tend
to resist such return. However, when pressure
fiuid is applied to the end of the piston valve the
force applied to the valve is relatively great as
compared to the resistance to motion produced
by the detent rings 89c¢ and the latter compress
and permit the valve to move downwardly. For
a substantial distance below the shoulder 89b the
member 89 is imperforate and cylindrical in shape
and of such dimensions that it contacts neither
the auxiliary valve nor the walls of the valve
chest. At the lower end of this portion there is
provided another shoulder 80 (Fig. 8) having
detent rings 90a thereon for engaging below a
shoulder 650 in the sleeve 65 when the valve i5 in
lowermost position. These detent rings 90a
function to yieldably retain the valve in lower-
most position in exactly the same mannér as the
detent rings 89¢ tend to maintain it in its upper
position. A small section of member ‘89 below
the shoulder 90 is provided with perforations 91
to permit. free passage of fluid therethrough.
The lower end of the sleeve member 89 is at-
tached by screw threads to s member 92 corre-
sponding to the upper valve member 86 having
upper and lower shoulders 93 and 94, respec-
tively, which seal with the walls of the valve
chest and define the valve pocket 29. :
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It will be observed from comparison of the valve
structures shown in the schematic diagram of
Fig. 1 and the practicable construction shown in
Figs. 6, 7 and 8 that the essential difference be-

tween the two resides in the fact that the valve

has been greatly elongated in the practical modi-
fication by, in effect, breaking it at the middle and
interconnecting the two parts with the sleeve
member 89. : S

The traveling motor barrel

10

As has been previously explained, the traveling '

barrel of the motor is rigidly connected to and
reciprocates the pump plunger. Referring first
to Fig. 10, the upper end of the pump plunger rod
95 is screwed onto a downwardly depending stub
shaft 96 on a cylindrical member 91 which is
solidly attached to a cross head 98, which ex-
tends through an orifice provided therefor in the
member 87.  The outer ends of cross head 98
extend through and are flush with the outer sur-
face of a collar 99, which is screwed into the
lower end of a tubular member 160, constituting
the lower section of the traveling barrel. At itg
upper end the tubular member 100 (Fig. 8) is
threaded onto a coupling 104, which coupling is
ground to seal with the adjacent portion 65 of
the stationary plunger rod. The coupling mem-
ber 10! therefore constitutes the piston element
of the motor which divides the working chamber
into two parts. It will be observed that the tubu-
lar member 100 seals with the packing rings 64
on the sleeve 63 which defines the lower end of
the working chamber of the motor. ]

The coupling member 101 is joined at its up-
per end by screw threads to a tubular member
102 constituting. the upper portion of the travel-
ing barrel, this portion sealing with packing rings
67 on the sleeve 66 defining the upper end of the
working chamber, and extending upwardly there-
beyond a substantial distance, as shown in Fig,
6. This upper section of member 102 is provided
with apertures 102a to provide free flow of fluid
from the exhaust passages 39 and the passages
68a. A collar 103 is provided on the upper end
of the tubular member (02 which slides along
the sleeve 69 and acts as a guide for the upper
end of the traveling barrel,

Pump unit

Referring to Figs. 10 and 11, the upper end
of the pump barrel comprises g tubular member

- 105 threaded into the lower end of the hollow

stem 58, which seats within the pump supporting
coupling $6. Packing rings 105z are preferably
provided to form a seal between the barrel mem-
ber 105 and the upper end of the pump plunger
rod 95.

‘The barrel proper of the pump is constituted
by & sleeve 106 screwed onto the lower end of the
tubular member 105. The sleeve 106 is provided
with ports 106a - therethrough to permit fluid
from the well to surge in and out of the upper
end of the barrel as the plunger reciprocates.
The lower end of the sleeve 106, constituting the
pump barrel, terminates (Fig. 12) in a coupling
107 which serves to secure in position in the
lower end of the sleeve 106 g standing valve seat
108 and valve cage 109, within which the ball
valve 23 is positioned. . The lower end of the
coupling 107 is threaded to receive an oil inlet
pipe (not shown) exiending downwardly into
the well.

The pump plunger assembly comprises the hol-
low plunger rod 95 (Fig. 10) previously men-
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tioned; which extends through and seals with the
hollow stem 88 and the tubular member (08 and
is joined at Its lower end by coupling members
{18, 114 and (12 to a hollow plunger core mem-
ber {13, upon which are supported a pair of cy-
lindrical members 14 and (15 ‘constituting the

‘plunger proper which seals with the pump bar-

Tél 188. Thus the cylindrical member {14 is sup-
ported between a shoulder 113a on member 113
and the lower end of the coupling member 112,
The cylincdrical member 1§ is similarly support-
ed between a shoulder 113V on member 113 and
a coupling member (16 screwed onto the lower
end of member 113. The coupling members f1{
and 112 serve to support therebetween a va.lve
seat 117 cooperating with a ball valve 118, and a
member ¢19 positioned below the couphng mem-

ber 118 and a bushing 120 (the latter constitut-

ing the extreme lower end of the pump plunger)

gerve to retain a second valve seat {21 which co-.

operates with a ball valve 122, The two valves,
including balls #(8 and 22, together function
the same as the single valve ball 23 shown in
the schematic drawings of Figs. 1 to 4 to permit
entry of fluid compressed below the pump plunger
up through the hollow plunger .rod, but pre-
vent its return.” The fluid flowing up through
the hollow plunger rod escapes to the outer tub-
ing through ports 24 (Fig. 10) ‘in the upper end
of the hollow pump ‘plunger rod

Travelmg barrel lockma mechamsm

Pumps of the generai type to which this in-
vention relates depend for their proper opera-
tion on definite sequential movements of the dif-
ferent parts. Should the different parts, such
as the traveling barrel a.ssembly, the piston valve
and the auxiliary valve, be accidentally initially
placed 'in certain relative positions, they might
fail to- operate in response to the application of
pressure fluld thereto. I therefore' provide a
special locking mechanism for mainta.ining the
traveling barrel assembly in lowermost position
while the device is in transit and is being lowered
into the well with means for automatically un-
locking the traveling barrel assembly ‘after in-
stallation in the well.

Referring to Fig. 10, the locking mechanism
therein disclosed’ comprises a detent ball 123
positioned in a passageway 124 in the block §8,
the length of the passageway 124 being slightly
less than the diameter’ of- the detent ball 123
and the outer edge of the passageway being nor-
mally closed by a plunger 125 fitted in-a vertical
cylindrical passage 126 in the block 58. ‘The up-
per end of passage {26 opens; into the outer tubing
above the sealing surface 59 on block 58 and the
lower ‘end of the passage opens to the exterior
below the sealing surface-59.- The plunger 125
is normally retained in uppermost position by a
helical spring ‘(2T positioned therebelow, in which
position the detent’ ball 123'is forced ‘inwardly
beyond the inner surface of the block 58 and into
engagement with a portion 128 of the pump
plunger 95, which'is of reduced diameter. ‘It will
be apparent that so long as plunger 125 is'in the
uppermost position shown in Fig. 10, any upward
movement of the pump plunger 95 and the travel-
ing barrel assembly connected thereto will be pre-

vented by engagement of the detent ball 123

with the shoulder formed at the lower edge of the
reduced section 85a, and the plunger 12§ remains
in its upper position, as'shown, at all times-until
a differential pressure is applied to opposite ends
of the plunger 125 sufficient to overcome the

7

force ‘of the helical ‘spring 421 and ‘move the
plunger downwardly until' a recess (28 therein is
juxtaposed to the detent ball 128, permittins the
latter to move outwardly away from the pump
plunger rod 95. ‘

The differential pressure necessary to move the
plunger 126 is produced ‘when the pump, after
being seated in the well with the beveled face §%
resting against and sealing with the coopemting

“face on the pump supporting coupling §5, is con-

ditioned for service by filling the outer tubing 2
with ofl. ~As soon as any appreciable head of oil
has been built up within the outer tubing; the
pressure of the oil on the upper end of plunger
125 is sufficient to depress” ‘the latter to release
the detent ball 123 and permit the reciprocation
of the traveling motor barrel and pump ‘plunger
assembly.

A modified form of iock is shown in Fig. 10A,
which shows a section of a completed pump cor-
responding in general to that disclosed in Fig. 10
and corresponding parts of which bear corre-
sponding reference numerals with the prime mark
suffixed. The- essential difference between' the
locking mechanism disclosed in Fig. 10A over that
disclosed in Fig. 10 is that whereas the ball detent
is released in Fig. 10 by the application of fluid
pressure, the detents in Fig. 10A are automatical-

1y released in response to the seating of the pump.

Thus the detent balls 123’ positioned in passages
124’ in the block 58’ are; before the pump is in-
stalled, forced into. engagement with the reduced
portion 128’ of ‘the pump plunger rod 95’ by a
skirt member 129 which is forced downwardly by
a helical spring §30 positioned thereabove to bring
the upper reduced portion 131 of the skirt juxta-
posed to the ‘outer ends of the passages 124°.
The skirt member (29 in this modification con-
stitutes the member which seats against the pump
supporting coupling 88’- and is provided with a

" peveled face. 58’ for :this purpose.  The skirt

member is also slidable vertically along.the hollow

10

15

25

40

stem 58’ but has its vertical movement limited by -

a shoulder 132 through which, when the pump has
been seated, the entire weight and all downward
force exerted on the pump are transmitted to the
skirt ‘member 129 and thence to the pump sup-
porting coupling 88’. It will. ‘e observed that as

soon as the pump has been seated; as shown in-

Fig. 10A, the skirt member 128 is forced upwardly
into engagement with the shoulder i32 and the
detent balls 123’ are released from locking en-
gagement with the reduced portion I28° of the
stem 85, thereby permitting free reciprocation of
the traveling motor valve and motor plunger as-
sembly .

Construction of ioints between :ecﬁom

As described my practical pump. is made up’

of many different tubular or. cylindrical parts
joined together by screw threads.. In many. in-

stances, adjacent parts have. bearing . surfaces-

that must be concentric with respect to each
other. . Thus, for example, consider the joint be-
tween the tubular block- 62 (Fig. 8) and the sleeve
63 thereabove, in which the bore of the block

must be very accurately aligned with the bore of
* the sleeve if the auxiliary valve and main valve

are to move freely and also seal with each other
and with the bores of the block 62 and. sleeve 83,
respectiveiy Heretofore, in order to closely fit
such . parts, it has been  considered necessary
either to cut the threads exactly concentric with
the bores, or to drill or ream the bores of the
parts after they have been screwed - together.
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Both methods are expensive and I avoid them by
using square threads to join the parts instead
of the conventional V-threads, and aligning the
parts with a mandrel while they are being
screwed together. This method, as applied to
the joint between block 62 and sleeve 63 is illus-
trated in Fig. 19, in which the square threads on
the sleeve 63 are- indicated at 63¢, the square
threads on the block 62 are indicated at 62a, and
the aligning mandrel indicated in dotted lines
at t40. The square threads 62¢ and 63a are so
deep that they permit substantial lateral move-
ment between the two parts and do not deter-
mine their alignment, merely serving to clamp
the parts firmly together while they are main-
tained.in alignment by the mandrel 180. After
the joint is made and the mandrel 140 is re-
moved, the parts remain in alignment because
of the friction between the threads and between
the abutting shoulders of the parts, and because
the square threads exert no lateral force tending
to produce a lateral shift. It is to be noted that
this method of joining parts with their cylin-
drical bearing surfaces in alignment cannot be
used with V-threads because the latter are in-
herently self-centering, whereas square threads
are not, i

The method, although illustrated in detail only
with reference to the. joint between block 62 and
sleeve 83, is applicable to all the screw joints
in the pump between parts having cylindrical
surfaces that must be accurately aligned, the
shape and dimensions of the mandrel employed
with each joint depending, of course, on the
shapes and dimensions of the surfaces to be
aligned. Thus where the surfaces to be aligned
are outer surfaces instead of inner surfaces, the
mandrel must surround the parts and in some
such instances the mandrel may be split to facili-
tate its removal. ’

Installation and removal of the pump

At the time of the original installation of a
pump as described, the outer tubing 2 before
being lowered into the well has attached thereto
on its lower end the nipple 52, coupling 53, sleeve
$4, pump supporting coupling 55, sleeve 56, and
the anchor coupling §7, as disclosed in Figs. 5
to 12, inclusive. Thereafter the pump unit is
atlached to the lower end of the inner tubing
string 3 and is later lowered down thl‘ough the
outer tubing 2. .

While supported from the lower end of the
Inner tubing string 3, all portions of the pump
unit are sufficiently small to pass freely through
the outer tubing. Thus at this time the sleeve
T4 attached to the coupling 12 (Fig. 5) instead
of being in the position shown in the drawings,
would be withdrawn until the shoulders 74b
rested against the lower end of the packing mem-
bers Tla, the weight of the entire unit being
supported by the shoulder 74b. In this position
the expansible split skirt 73 on the coupling 72
is in its normal position in which it is substan-
tially cylindrical in shape and of the same out-
side diameter as the main portion of the cou-
pling 12. o

As the assembly supported on the inner tubing
string 3 approaches the lower end of the outer
tubing 2, the tubular member 105 defining the

. pump barrel enters the pump supporting coupling

55 and passes downwardly therethrough until
the beveled face 59 seats against the upper end
of coupling 55 (Fig. 10). Thereafter continued
downward movement of the inner tubing string

2,005,995

causes the sleeve T4 to telescope within the de-
flecting cone 1i, thereby expanding the split
skirt 13 until the lower edge of the latter rests
against the shoulder 53a on the coupling 53 (Fig.
5). Theréupon the weight of the inner tubing is
supported through the skirt 13 by the coupling
53. )

The pump parts are so dimensioned that short-
ly afterthe beveled face 59 of the hollow stem
58 (Fig. 10) seats against the pump supporting
coupling 55, the enlarged head T6a (Fig. 6) seats
in the port 68b which communicates the ports
68a with the outer tubing.

The pump is then set in operation. by filling
the outer tubing with oil to create sufficient pres-
sure to actuate the plunger 125 (Fig. 10) and re-
lease the detent ball 123 to permit reciprocation
of the traveling motor barrel and pump plunger
assembly. Thereafter the inner tubing string 3
is filled with pressure fluid and a continuous
stream of pressure fluid is forced therethrough
to operate the pump in thé manner described
with reference to the schematic drawings of Figs,
1 to 4. It will be observed that when the inner
tubing string is filled with liquid under pressure
the enlarged plunger head 16a (Fig. 6) is main-
tained tightly seated by the pressure of the fluid
thereahove. )

The installation and operation of a pump hav-
ing a locking mechanism as disclosed in Fig. 10A
is identical with that described except that it is
unnecessary to fill the outer tubing with oil pre-
liminary to starting the pump since the detent
balls 123’ are autcmatically released when the
pump is seated.

If for any reason it becomes necessary to re-
move the pump from the well after it has been
in operation, such réemoval is accomplished by
simply disconnecting the supply of pressure fAluid
from the inner tubing string 3 at the surface of
the well and pulling the inner string. Initial up-
ward movement of the inner tubing string 3
elevates the coupling 12 (Fig. 5), lifting the split
skirt 13 away from the deflecting cone T{ and
the shoulder 53q, permitting the latter to con-
tract.to the diameter of the upper or main por-
tion of the coupling 72. Thereafter continued
upward movement first causes the bushing 15
(Fig. 2) in the lower end of the sleeve 74 to en-
gage the nut 76b on the upper end of the plug
rod 16 and lift the enlarged head 76 clear of
the opening 68b which it normally closes, This
permits the oil standing in the inner tubing
strirg to drain out through the opening 68b and
the ports 68a into the outer tubing as the inner
tubing and the pump are withdrawn, thereby
permitting what is termed a “dry jeb” of pull-
ing. Of course, further upward movement . of
the inner tubing string causes the shoulder 74b
cn the sleeve 74 to engage with the under edge
of the packing member Tiq following which fur-
ther upward movement of the inner tubing string
carries the pump up through.the outer tubing
string 2 to the surface. ) )

After the. pump has been removed froin the
well, it will be observed from Fig. 10 that the
motor end of the pump may be completely de-
tached from the pump end by breaking the
threaded connection between the hollow stem 58
and the supporting column 60 and the threaded
connection between the upper end of the pump
plunger rod 95 and the stud shaft 96 on the cy-
lindrical-member 97. This feature, whereby the
pump unit may be readily removed from the
motor unit, is very important for the reason
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that & pump unit is apt to wear much more
rapidly than the motor untt by reason of the

" fact that the pump must handle oil. from the
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_with clean filtered oil from

- enclosed piston or plunger even though the

other abrasive ma-
unit can be supplied
the surface.

The ready separation of the pump and motor
units is also desirable in that it permits ready
substitution of pump units of different capaci-
ties, thereby permitting the use of the same
motor in wells of different depths without in-
creasing the pressure of the operating fluid sup-
plied to the motor in the deeper well by merely
employing a  pumping unit. of smaller capacity
in the deep well than in the shallow well

Tt should also be noted that, by virtue of the
fact that the motor end of the pump is tully
enclosed and constantly fiooded. with filtered oil
from the inner tubing 3, no bearing surface of
the mechanism in the motor unit comes in con-
tact with the pumped fluid.

Of course, as previously mentioned, probably
the greatest single advantage of my construction
is that the use of the traveling motor barrel and
stationary plunger assembly with the valve mech-
anism positioned within the plunger rod elimi-
nates many . restricted passages and irregular
passages having right angle turns therein, there-
by decreasing fluid friction and adding to the
mechanical efficiency of the unit. This advan-
tage can best be emphasized - by - comparison.
Thus I am able to obtain an equal or greater
pumping capacity with an assembly of the type
described having an over all diameter of only
2 and %5ths inches than was formerly obtained
with a pump haviag an OvVer all’ diameter of
4 inches. = .

A substantial advantage results in my. con-
struction from the fact that both the traveling
motor barrel and stationary motor plunger are
supported from their lower ends and the inner
tubing string is supported independently of the
stationary plunger asseémbly, thereby eliminating
unnecessary compression or tension strains in
the plunger and barrel assemblies' which might

well contalning sand and
terial whereas the motor

- cause them to warp and freeze when installed

in the well. The free-end barrel is less rigid
and will flex enough to align itself with the
bore
of the barrel may be off center a few thousandths
of an inch or may not be absolutely straight..

" The use of the automatic lock for the travel-
ing barrel is a very desirable feature in that it
makes the pump substantially fool-proof even
when installed and operated by unskilled labor.
The use ‘of the expansible skirt for supporting
the weight of the inner tubing from the outer

~ tubing independently of the pump mechanism
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also tends to make the device more fool-proof as
it prevents any possible damage to the mecha-
nism resulting from too rapid landing of the
pump in the bottom of the tubing by a careless
well crew. Co i ‘

_Although, as previously stated, the motor unit

" is preferably supplied with clean filtered oil

through the inner tubing string 3, the tubing
itself often contains & certain amount of dirt,
scale, sediment, etc., which it is desirable to keep

out of the motor parts. Such deposits are pre-

vented in large measure from reaching the work-

_ing parts of the motor by the sleeve T4 (Figs.

5 and 6) having the perforations T4c therein,
These perforations filtér the oil to a certain ex-
tent and the tube also acts as a sort of a trap,
heavy foreign particles in the oil therein tend-

9

ing to settle to the bottom of the sleeve T4 aboub
the plunger rod 16 instead of passing out through
the perforations Tdc.

Although the invention has been described with
reference to & particular embodiment thereof to
simplify the conveying of a full understanding

_of the essential principles involved, it is to be

understood that the invention is not limited to
the specific structures shown but instead is to be
limited only as set forth in the appended claims.

1. In a fluid-actuated well pump adapted to be
positioned in a well and having pressure fluid and
exhaust fluid connection with the surface through
separate conduits, & reciprocating pump unit
having a stationary element and a reciprocating
element, a motor unit comprising & stationary
plunger assembly adapted to be connected to the
stationary element of the reciprocating pump unit,

10

and a cooperating reciprocable cylinder assembly -

adapted to be coupled to.the reciprocating ele-
ment of the pump unit and defining together with
said plunger assembly & working chamber having
a Treciprocable piston element therein, ' valve
mesans for said motor unit incorporated within
said stationary plunger assembly for controlling
the admission of pressure fluid to and the dis-
charge of exhaust fluid from opposite ends of said
working chamber, said plunger assembly also de-
fining fluid passages extending directly from said
valve means to sald working chamber and from
said valve means to said pressure fluid and ex-
haust fluld conduits, respectively, and means for
actuating said valve means in response to pre-
determined movements of said cylinder assembly.

2. In a fluid-actuated well pump adapted to be
positioned in a well and having fluid connection

. with the surface through an outer tubing for the

discharge of exhaust fluid and pumped fluid and
separate fluid connection with - the surface
through a smaller inner tubing positioned within
the outer tubing for the reception of operating
fluid under high pressure, 8 motor unit compris-
ing a stationary plunger assembly and & cooperat-
ing reciprocable cylinder assembly adapted to be
submerged in exhaust and pumped fluid within
said outer tubing and defining between them a
working chamber, & reciprocable piston elementin
said chamber, valve means incorporated within
said stationary plunger assembly for controlling
the admission of pressure fluid to and the dis-
charge of exhaust-fluid from the opposite ends of
said working chamber, said plunger assembly also
defining fluld passages extending directly there-
through from said valve means to said working
chamber and from said valve means to the fluid
surrounding said unit within said outer tubing,
and to said inner tubing, respectively, means for
actuating said valve means in response to pre-
determined movements of said cylinder assembly,
s pump unit, and means for actuating said pump
unit in response to reciprocation of said cylinder
assembly. : <
3. In a fluid-actuated well pump adapted to be
positioned in a
with the surface through an outer tubing for the

discharge of exhatst fluid and pumped fluid, and

separate fluid connection with the surface
through a smaller inner tubing positioned within
the outer tubing for the reception of operating
fluid under high pressure, 8 motor unit compris-
ing a reciprocable cylinder member and a co-
operating stationary plunger member within said
cylinder member and defining therewith & work-
ing chamber, a piston element reciprocable in

well and having fluid connection.
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said chamber, said unit being adapted to be sub-
merged in fluid in said outer tubing and positioned
below the lower end of said inner tubing, said
plunger member having a cavity therein consti-
tuting a valve chest, a reciprocable valve in said
valve chest, means forming a fluid connection
between said inner tubing and the upper end of
said plunger member, an operating fluid inlet port
in said valve chest and a bassage in said plunger
member connecting said inlet port with said end
of said plunger member, exhaust ports in said
valve chest and passages extending through said
plunger member for connecting said exhaust ports
with the exterior of said member in communica-
tion with the fluid in which said unit is submerged
within said outer tubing, other ports in said valve
chest and passages in said plunger member com-
municating said other ports with the opposite ends
of said working chamber, said reciprocable valve

0 having chambers therein for selectively inter-

connecting said inlet and exhaust ports with said
other ports to supply operating fluid to either end
of and to exhaust Auid from the other end of said
working chamber depending upon the bosition of
said valve, and means for shifting said valve in
response to predetermined movement of said
traveling cylinder, a bump unit, and means for
actuating said pump unit in response to reciproca-
tion of said cylinder assembly,

4. In a fluid-actuated well pump adapted to be
positioned within a well and having fluid con-
nection with the surface through an outer tubing
for the discharge of exhaust fluid and pumped
fluid and separate fluid connection with the sur-
face through a smaller inner tubing positioned
within the outer tubing for the reception of op-
erating fluid under high pressure, a motor unit
adapted to be submerged in fluid within said outer
tubing and comprising a stationary plunger as-
sembly and a cooperating reciprocable cylinder
assembly, the two defining therebetween g, work-
ing chamber, a piston element reciprocable in said
chamber, said plunger assembly comprising an
elongated plunger member having a cavity there-
in constituting a valve chest, valve means incor-
borated within said valve chest comprising g re-
ciprocable valve rod extending through said chest
and projecting therebelow and a fluid operated
piston valve positioned concentrically about said
valve rod and having a sliding sealing fit within
said valve chest and about said valve rod, an inlet
port in said chest and a bassage in said plunger
member communicating said inlet port with the
upper end of said plunger member, means com-
municating the upper end of said plunger mem-
ber with said inner tubing, an exhsust port in
said chest and a passage through said plunger
member communicating said exhaust port with
the surface of the plunger member at g point
therein positioned beyond said working chamber
and exposed to the fluid in which said unit is
submerged, other ports in said valve chest and
other passages in said plunger member communi-
cating said other ports with the surface of said
plunger member at points positioned within and
adjacent opposite ends of said working chamber,
said piston valve having chambers therein for se-
iectively communicating said inlet and exhaust
ports with said other ports to supply operating
fluid to either end of said working chamber and
to exhaust fluid from the opposite end of said
working chamber when said valve is in predeter-
mined positions in said valve chest, said valve rod
having passages therein terminating in ports reg-

istering, respectively, with said valve chambers
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and with opposite ends of said piston valve when
said rod is in predetermined positions for admit-
ting pressure fluid to one end and exhausting fluid
Irom the opposite end of said piston valve to shift
the latter, and means for reciprocating said valve
rod in response to predetermined movement of
said traveling cylinder assembly, a pump unit,
and means for actuating said pump unit in re-
sponse to reciprocation of said cylinder assembly.

5. In a fluid-actuated well pump adapted to be
positioned within a well and having fluid con-
nection with the surface through an outer tubing
for the discharge of exhaust fluid and pumped
fluid and separate fiuid connection with the sur-
face through a smaller inner tubing positioned
within the outer tubing for the reception of op-
erating fluid under high pressure, a motor unit
comprising a reciprocable cylinder and a cooper-
ating stationary plunger member positioned with-
in said cylinder, said plunger member having lon-
gitudinally spaced shoulders sealing with said
cylinder and constituting the end walls of the
working chamber of the motor and said cylinder
having a shoulder thereon sealing with said
plunger member and constituting the reciproca-
ble piston within said working chamber, said
plunger member having a cavity therein approxi-
mately coextensive with said working chamber
constituting a valve chest, exhaust ports in said
valve chest adjacent opposite ends thereof and
exhaust passages in said plunger member extend-
ing directly therethrough from said exhaust ports
to the exterior of said plunger member at points
beyond said shoulders thereon for discharging
exhaust fluid from said chest, an inlet port in said

.chest adjacent the center thereof and a passage

extending - longitudinally through said plunger
member from said inlet port to the upper end of
said plunger member, means for applying pres-
sure fiuid from said inner tubing to the upper end
of said plunger member, other ports in said valve
chest positioned between and adjacent to said re-
spective exhaust ports, bassages extending directly
through said plunger member from said other
ports to the exterior of said plunger member at
points between and adjacent said shoulders there-
on for communicating said valve chest with op-
posite ends of said working chamber, a valve re-
ciprocable in said valve chest and sealing with the
walls of said chest and having pockets therein
for communicating one of said bassages extending
to one end of said working chamber with either
said inlet port or the adjacent exhaust port and
communicating the passage extending to the op-
posite end of the working chamber either with the
exhaust port adjacent thereto or said inlet port,
depending upon the position of said valve in said
chest, and means for reciprocating said valve in
response to predetermined movements of said re-
ciprocable cylinder assembly, a pump unit, and
means for actuating said bump unit in response to
reciprocation of said cylinder assembly. .

6. In a fluid-actuated well bump adapted to
be positioned in a well and having fluid connec-
tion with the surface through an outer tubing
for the discharge of exhaust fluid and pumped
fluid and separate fluid connection to the surface
through a smaller inner tubing positioned with-
in the outer tubing for the reception of operat-
ing fluid under high pressure, a motor unit com-
prising a reciprocable cylinder member and a
cooperating stationary plunger member posi-
tioned within the cylinder member and defin-
ing with said cylinder member an annular work-
ing chamber having an annular piston element
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reciprocable between opposite ends of said work-

ing cylinder, said plunger member having & cav-
" ity therein constituting a valve chest, passages

extending from ports in said valve chest through
said ‘plunger member to opposite ends of sald
working chamber for supplying pressure fluid to
either end of said working chamber and exhaust
fluid - from the opposite end of said working
chamber, an inlet port in said valve chest and
& passage. extending through said plunger mem-
ber from said inlet port to the upper end there-
of for communicating said port with said inner
tubing, exhaust ports in said valve chest and

. passages. . extending therefrom through said
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plunger member to the exterior thereof and into

communication with fluid within said outer tub-.

ing, an annular piston valve in said valve chest

-reciprocable in said chest and having pockets

therein for communicating said ports connect-

ed to opposite ends of sald working chamber-

with said inlet and exhaust ports, respectively,
said pockets and ports being so positioned that
when said piston valve is in its lowermost posi-
tion pressure fluid is applied to said working
chamber to move said reciprocable cylinder up-
wardly, and when .said valve is-in its upper-
most position fAuid ‘is applied to said working
chamber to move said reciprocable cylinder as-
sembly downwardly, an auxiliary valve rod ex-
tending vertically through said valve chest and
through said annular piston valve and sealing
therewith; motion reversing mechanism cou-

pling said auxiliary valve to said cylinder as-

sembly whereby movement of said cylinder up-
wardly ‘shifts said auxiliary valve downwardly
and “downward movement of said cylinder as-

sembly shifts said auxiliary valve upwardly, said .

auxiliary valve having passages therein termi-
nating in ports communicating the lower end
of said piston valve with sald inlet port and
the upper end of said piston valve with said ex-
haust port when the auxiliary valve is in up
position, and for communicating the upper end
of said valve chest with said inlet port and the
lower end of said valve chest with one of said
exhaust ports when said auxiliary valve is in
down position, a pump unit, and means for ac-
tuating said pump unit in response to -recipro-
nation of said cylinder assembly.

7. In a fluid-actuated well pump, having fluid

connection with the surface through an outer
tubing for the discharge of exhaust fluld and
pumped fluid and separate fluid connection with
the surface through a smaller inner tubing po-
sitioned within the outer tubing for the recep-

tion of operating fluid under high pressure, a

motor unit adapted to be submerged in exhaust
and pumped fluid within said outer tubing and
positioned below the lower end of the inner ‘tub-
ing ‘and having fluid connection therewith, said
unit comprising a stationary plunger member,
means for supporting the lower end of said
plunger member from said outer tubing, sald unit
also comprising a traveling cylinder assembly

reciprocable ' with respect to said stationary

plunger assembly and defining therewith a work-
ing chamber, a piston element reciprocable in
said chamber, valve means within said station-
ary plunger for supplying pressure fiuid to and
exhausting fluid from opposite ends of said work-
ing chamber, means for shifting said valve in
response to predetermined movement of said
traveling cylinder assembly, means communi-
cating said valve means within. said stationary
plunger with said inner tubing, and & pumping

11
unit having two relatively reciprocable members,
one of which is attached to said stationary mo-
tor plunger assembly adjacent the point of sup-
port of the latter from said outer tubing and
the other of which pump members is connected
to' said traveling cylinder assembly. .

8. In g fluid-actuated well pump adapted to be

lowered into a well through an outer tubing string

while supported on an inner tubing string, and
having fluid connection with both the inner and

outer tubing strings when positioned in said well,,

a stationary motor plunger member having a
supporting base on its lower end, a cooperating
seat on said outer tubing for engaging said base
and supporting said plunger member when the
latter: has been lowered .into working position
within said outer tubing, telescoping sleeve means
on the upper end of said stationary plunger mem-
ber for communicating said plungér member with
said inner tubing. .and. supporting the plunger
member from the inner tubing while permitting
a substantial amount of relative movement
therebetween, an expansible skirt member on
the lower end of said inner tubing, a skirt-ex-
panding cone on the upper end of said plunger
member and shoulder means in said outer tubing
so spaced above said seat that when said plunger
base reaches said seat further downward move-
ment of said inner tubing forces said expanstble
skirt down over said cone and expands the skirt
to engage with and rest upon said shoulder,

-whereby the weight of said inner tubing is sup-

ported from said outer.tubing substantially in-
dependently of said plunger member, a traveling

-motor barrel surrounding said plunger member

and cooperating therewith to define a working
chamber, and valve means and fluid passages in
said plunger member for supplying pressure fiuid
to said working chamber from said inner tubing
and exhsausting fluid from said working cham-
ber to said outer tubing. )

9. A device as described in claim 8 in which
said telescoping sleeve means comprises & sleeve
depending from and in communication with said
inner tubing, said sleeve.extending down into a
recess provided therefor in the upper.end of said
plunger member, packing means on said plunger
member sealing with sald sleeve and constituting
with said sleeve a fluid-tight closure for said re-
cess, a shoulder on said sleeve below said pack-
ing means for engaging therewith and limiting
upward movement. of said sleeve with respect to
said plunger member, said sleeve -having perfora-

~ tions therein below said shoulder for the passage

of pressure fluid into said plunger recess and
longitudinal passages in said plunger member

communicating said recess with said valve means. .

10. In a fluid-actuated well pump adapted to
be lowered into a well through an outer tubing
string while supported on an inner tubing string,
and having fluid connection with both the inner
and outer tubing strings when positioned in said
well, a stationary motor plunger member having
a supporting base adapted to seat on a cooperat-
ing seat on the outer tubing and be supported
thereby when the pump has been lowered into
working position within. said outer tubing, a
sleeve depending from and in communication
with said inner tubing, said sleeve extending
down into a recess provided therefor in the upper
end: of-said plunger member, packing means on
said plunger member sealing with said sleeve, &
shoulder on said sleeve below said packing means
for engaging therewith and. limiting upward
movement. of sald sleevé with respect to said
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plunger member, said siesve having perforations
therein below said shoulder for the passage of
pressure fluid into said plunger recess, a traveling
motor barrel surrounding said plunger member
and cooperating therewith to define a working
chamber, 'a valve within said plunger member,
longitudinal passages in said plunger member
communicating said recess with said valve, an-
other passage in said plunger member communi-
cating said recess with the exterior of said

plunger member and terminating in an orifice in

the bottom of said recess, a rod having a plug

on the lower end thereof for closing said orifice;

said rod extending up into said sleeve, a bushing

.in the lower end of said sleeve for guiding said
rod and sealing the lower end of said sleeve, and-

shoulder means on. the upper end of said rod
for engagement by said bushing when said plung-
er member is supported by said inner tubing to
lift said plug from said orifice and thereby estab-
lish direct fluid communication between said in-
ner and outer tubings.

11. In 2 fluid-actuated well pump adapted {o
be positioned within and supported by an cuter
tubing extending to the suriace and in which the
pump seals off the outer tubing, whereby oil may
be inducted from the well into the pump through
the lower portion of the outer tubing and pumped
oil and exhaust fluid discharged from the pump
meay be transmitted to the surface through that
portion of the outer tubing extending thereabove,
and in which the pump includes a fluid-actuated
driving: motor supplied  with pressure fluid
through an inner tubing which also functions
as a supporting string to lower and withdraw
the pump through the outer tubing; a pump
body incorporating a reciprocating pump and
miotor mechanism and comprising a base mem-
ber adapted to seat on and seal with s pump
supporting seat in said outer tubing, said mech-
anism including a rod reciprocable in said pump
body, latch means in said base member movable
into engagement with said vod when the latter
is in a predetermined position for preventing
movement of said rod from said position, spring

actuating means for moving seid laich mesns

into engagement with said rod, and means ren-
dered operaiive in response-to seating of said

base member in said seat in the outer tubing

for releasing said latch means from engagement
with said rod. :

12. In g fluid-actuated well pump adapted to
be positioned within and supported by sn outer
tubing extending te the surface and in which the
pump seals of the cuter tubing, whereby oil may
be inducted from the well into the pump through
the lower portion of the cuter tubing and pumped
oil and exhaust fluid discharged from the pump
may be transmitied to the suxface through that

portion of the oufer tubing extending thereabove,

and in which the pump inciudes g fluid-actusted
driving motor supplied with pressure
through sn inmer tubing which slso functions
as g supporting string to lower and withdraw
the pumyp through the outer tubing; a pump
kody incorporating e reciprocating pumyp and
motor mechanism and having 2 base member
adapted to seat on and seal with a pump sup-
porting seat in said outer tubing, said base mem-
ber comprising a sleeve slidably mounted on said
pump body for limited vertical movement with
respect thereto, spring means for normally main-
taining said sleeve in lowermost position on said
pump body while permitting upward movement
thereof in response fo seating of the pumip, said

fAuid -
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mechanism including a rod reciprocable in said
pump body, a detent in said pump body movable
into and out of engagement with said rod, and
means on said sleeve for forcing said detent into
engagement with the rod when the sleeve is in
lowermost position and releasing the detent when
the sleeve is in uppermost position,

13. A device as described in claim 11, in which
said latch means comprises a plunger. recipro-
cable in a passage in said base member, one end
of which passage is ported above the seating sur-
face of said base member and the other end of
which Is ported below said seating surface, g
detent movable into and out of engagement with
said rod, means on said plunger cooperating with
said detent to maintain the latter in engagement
with said rod when the plunger is in one end
position and release the detent from engagement
with the rod when the plunger is in the other
end position, spring means for normally urging
said plunger in said one end position but yield-
ing in response to differential pressure applied
to the opposite ends of said passage to permit
movement of said plunger into said other end
position, whereby said mechanism may be main-
tained locked in a predetermined vosition during
lowering of said pump in said well and released
following seating of the pump in the outer tubing
by establishing a column of liquid in said outer
tubing above said pump.

14. In a fluid-actuated well pump adapted to
be positioned in a well and having exhaust fluid
connection with the surface through an outer

tubing string, and pressure fluid connection with’

the surface through an inner tubing string posi-
tioned within the outer tubing, a motor unit com-
prising a stationary plunger assembly having a
base member thereon adapted to seat on a sup-
porting flange provided therefor in the outer tub-
ing siring, a cooperating reciprocable cylinder
assembly comprising a cylinder of substantial
length surrounding the major portion of said
plunger assembly and defining therewith a work-
ing chamber adjacent the central portion of said
cylinder, said cylinder projecting substantially
above and below said working chamber and defin-
ing with said plunger snnular passages above
and below said working chamber, valve means
within said stationary plunger, means connecting
said stationary plunger to the lower end of said
inner tubing, a passage in said plunges commu~
nicating said inner tubing with said valve, pas-

- sages in said valve communicating said valve with

sald working chamber, exhaust passages extend-
ing from said valve to said annular Dassages de-
fined by said cylinder and plunger assemblies
ahove. and below said working chamber, a pump
positioned below said motor unit and connected
thereto and adapted to discharge pumped fluid
up through said outer tubing pgst said motor
cylinder, whereby exhaust oil from said valve dis-
charged into said outer tubing through the an-
nular passages defined between the ends of said
cylinder above and below said working chamber
displaces any pumped fluid tending to approach
the cooperating sliding contact surfaces of said
motor mechanism. :

15. In a fluid-actuated pump, an inner mem-
ber having a cylindrical outer surface, an outer
memper reciprocable with respect to said inner
member and having a cylindrical inner surface
spaced from and surrounding said outer surface
on said inner member, and constituting there-
with the inner and outer walls of an annular

working chamber, a pair of spaced apart flanges
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on one of said members that seal with the cylin-
drical surface on the other member and consti-
tute the end walls of the working chamber, a
flange on the other of said members sealing with
the cylindrical surface on the said one member
and constituting a- working piston within said
working chamber, valve means positioned within
said inner member and connected with said work-

13

-ing chamber by passages in said inner mexhber

for controlling the flow of fluid to and from said
working chamber, means for supplying pressure
fluid to and exhausting fluid from said valve,
and means for actuating said valve in response
to predetermined relative movements of said inner
and outer members.

GRANVILLE S. KNOX.
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