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15 Claims. ~(Cl. 103—5)

The present invention relates in general to.fluid -op-
erated or hydraulic ‘bottom hole pumps for wells, and
particularly .oil wells, and a general object of the inven-.
tion is to provide a pump of this type which achieves a
high pumpmg capacxty wrth a minimum of hydraulic
shock.

: Baswally, a ﬂurd operated oil -well pump of the re-
ciprocating type includes interconnected engine and pump.
plston means and includes engme valve means for apply-
mg pressure forces to the engine piston means-alternately.
in opposite wdrrectlons so-.as-to:reciprocate the two piston

means, - whereby the pump piston” means pumps fluid-

from the well upwardly through a production tubing to
the surface.. The operating fluid for actuating the pump,

which. is usnally. clean crude oil, is conveyed downwardly.

thereto -at -a .relatively high pressure through a supply
tubing set in the well. The spent operating fluid dis-
charged by the pump at a lower pressure is either mixed
with the production . fluid and returned to. the surface
through the production tubing, or is.returned to the sur-
face through a separate; return tubing set in the well. -
The engine and pump piston-means of a fluid operated
* pump of the foregoing: character. are mcorporated in a

pump unit and the engine valve means thereof is' in--
corporated in a-valve unit which may be combined with.

" the structure: of the pump unit, or which may ‘be a sepa-

rate structure,-as disclosed in:my copending. application;
In the first.
instance,: the pump', and valve units-are- mstalled in and.

Serial No.-598,785, filed Tuly 19; 1956:

removed from the well in unison, while in the second

the pump, and. valve units. may  be ‘installed in: and. re-

moved from the well ‘independently of each other.
present invention s applicable to either case.
Fluid operated pumps are also- of either the free type
or. the.set type; a pump of the former type: being mov-
able between. its -operating . position in the well and the
surface.through one .of the tubings .of the tubing system
associated therewith so that removal of the tubing system

The
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- drsplacement is ‘usually not:double that-of a correspond-

: 3? a fluid ‘operated bottom hole pump having a much higher

2
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Whmh tends to: mtroduce hydrauhc shock this being
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particularly- true ‘when’ the: pump is.run at high speed.
Hydrauhc shock;. of  course, -is- responsible. for many of
the repairs: requxred by fluid  operated pumps, partrcu-
larly those utilizéd in ‘déep wells.

Double actingpumps have a: conmderable advantage
over ‘the single acting type in that both strokes are work-
ing strokes. -Thus, -a-double acting pump gets the bene-
fit of the full piston speed, instead of one-half of the
piston speed. as in ‘a single acting pump. However, the

ing single acting pump since the engine and pump piston
means must be: smaller for the reasons previously out-
lined. - Double acting . pumps do permit more uniform
flows of the operating and pumped fluids and thus are
less. likely to produce hydraulic shock than a single
actmg pump. However, the piston means of double act-
ing pmnps must stop at-each end of their stroke, which
results in momentary. interruptions of the flows of the
operating and pumped. fluids and tends to produce some
hydrauhc shock.".“Also, all single acting and double act-
ing pumps are subject to the tendency to race when the
pump cylinder does not completely fill with solid fluid.
In prior fluid operated pumps, it is necessary to prov1de
some. form of governing- means fo" prevent such racing,
which makes for complexity. While various features of
the invention may be embodied in either a smgle acting
pump or.a-double acting' pump, the invention is prefer-

-ably ‘applied to- a pumip of "the' single acting type ‘since

the: basic ‘objects-of the invention may be achieved with
this type and the more complex structure of. the double
acting type is thus avoideéd. '

With ‘the foregomg as background a primary ob]ect
of ‘the inventionis, ‘as hereinbefore suggested, to provide

“* pumping capacity than pumps heretofore available and
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having substantlally no-tendency to introduce hydraulic
shock into the system, the latter effect i in particular being
achieved by producing’ substantially continuous flow" of
both the operating ‘anid pumped fluids.’

More- particularly, a- basic object of the mvenuon 1s’
to provide a fluid operated pump which | may conven-
1ently be termed a “multiplex” pump and which includes
two or more fluid operated pump units  having parallel—',
connected ‘engine ‘means -and" series connected pump -

.., Ieans, this multiplex pump mcludlng control means for,

50

operating such: pump units in timed: relatron, with pre-.
determined ‘phase- ‘rélations therebetween, in such a man-
ner that atleast one of the pump units is on its work-
mg stroke at all times. ~ Another ‘object in this connection

% is‘to provide a multiplex pump comprising two or more

in order to remove the pump.is -unnecessary. . With a~

pump of the set: ‘type, on the other hand, removal of at
least. part of the: tubmg system is necessary to permit re-
moval of. the pump since the, pump is:attached to one of
the.. tubmgs ‘Again; the present-invention is. apphcable
to pumps “of either.of these types. ‘

Fluid operated - oil well pumps may. be: of gither the
single acting or double actmg type; - the former being
the more common since. it is simpler-and since it permits
the use of larger engine and pump pistons  or . piston
means, the pistons of a double acting pump necessarily
being smaller than those of a single: acting one becatse
of the additional passages required for the: operating
fluid and the pumped fluid. = Any single acting pump has

the limitation that. only one stroke is the working stroke

so that a_ high piston speed must. be used fo obtain a
reasonably.-adequate pumping capacity.  Also, a smgle
acting. pump has; the disadvantage that the flows of both
the’ operating fluid and the pumped-fluid are intérmittent,

65
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fluid operated pump units wherein only one of the pump
utits is on its return stroke at any instant, the remaining
pump unit or units being on its or’ therr workmg stroke
or strokes.

A further object of the invention is to provide a fluid
operated multiplex' pump in which the conirol means
overlaps the working strokes of the pump units in such

. a way that the pumping load is progressively shifted

from one pump unit to' another as each pump unit ap-
proaches the end of its working stroke. In other words,
a further object of the invention is to provide a multiplex
pump -having control means for initiating the working
stroke of the' engine and pump. plston means of the next
pump unit in:the ‘series as. the ‘engine and pump piston

.+ means of the precedmg pump unit therein approach the

70

end of their working stroke.

With the foregoing construction, a pumpmg capacity
very much “higher than anything heretofore attainable
under-comparable conditions is achieved through the use

7 of two or more fluid operated pump units, which is an
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important feature of the invention. Also, since the pump
units are operated in timed, overlapping relation with the
engine means thereof in parallel and the pump means
thereof in series, the flows of operating fluid and pumped

fluid through the tubing system with which the multlplex,

pump is associated are substantlally constant to minimize
hydraulic shock, which- is another- lmportant feature of
the invention. . Further, since. the pump.- means of the
pump units are connected in series, and since the pump-
ing load is divided among the pump.means. of two or
more pump units in any embodiment which includes three
or more pump units, either the operating fluid pressure,
or the areas of the engine means of the pump.units on
which the operating fluid acts, may be reduced which is
still another important feature

Another object of the invention is.to provxde a multt-
plex pump wherein the control means for maintaining
the proper phasing between or among the pump units is
also fluid operated and is actuated by the pump units
as the piston means thereof approach the ends of their
working strokes. Thus, as the piston means of one pump
unit approach the end of their pumping stroke, they
actuate the control means to cause the latter to initiate
the working stroke of the next pump unit in the series.

An object in connection with one embodiment of the
invention is to provide a multiplex pump wherein the
control means includes a mumber of valve units cor-
responding to the number of pump units and wherein
the valve units control the respective pump umits. A
related object is to. provide such a control means wherein
each pump unit in turn either directly or indirectly actu-
ates the valve unit corresponding thereto, and also actu-

ates the valve unit corresponding to another of the:

pump units. Thus, the operations of the various pump
and valve units are interrelated so as to achieve the
proper phasing of the pump units.

Another object is to provide a control means which
includes a single valve unit controlling all of the pump
units and controlled thereby in turn.to achieve the . de-
sired phasing of the pump units. - More particularly, an
object is to provide a control means comprising a single

valve unit which includes a rotary valve and fluid op--

erated ‘means actuable by the various pump. units for
rotating the valve from one of its operating positions.
to the next as the piston means of each pump unit ap-
proach the end of its workmg stroke.

Another object .of importance is to prov:de a multl-
plex pump having two or more pump units provided with

- pump piston means and working -valves related in such
a manner in structure.and operation that no standing.

valve or valves are required. This result- is achieved
by so phasing the operation of the pump units. that at
least one of the pump piston means is on:its working
stroke at all times so that the correspondmg ‘working
valve is closed, thereby obviating any. necessity for one
or more standing valves,

Another important object of the invention is to pro-
vide a multiplex pump. wherein the pump units are axially

aligned and wherein the pumped fluid flows through axial.

passages in. the engine and pump plston means of the

pump units serlatlm, thereby minimizing flow resistance.:

A related object is to- provide each engine and pump
piston means with a working valve preventmg flow
through the corresponding axial passage in the reverse di-
rection and to so phase the working strokes of the vari-
ous piston means that at least one is always on its work-
ing stroke so.that the corresponding workmg valve: is

closed, whereby no standing valve or valves, are required, .

A further object of the invention:is to provxde a multi-

plex fluid operated pump including two or. more. fluid’
operated pump units which are independent, but inter-

related in operation, and. which have some or all of the

features hereinbefore outhned each. pump unit having its,

own fluid operated engine means and. its. awn pump
means . v

2,989,397
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Another object is to provide a fluid operated muiti-
plex pump wherein the engine and pump piston means
of each pump unit move through their return stroke at
a speed such that they are ready for their working
stroke before the engine and pump piston means of an-
other of the pump units reach the end of their working
stroke. In the case of a-triplex pump embodying the
mvent10n, this means a return stroke speed at least twice

< the workmg stroke ‘speed, and another object of -the in-

vennon is to provide such a triplex pump.

. The foregoing objects,- -advantages, features and’ re-
sults of the present invention, together with various other
objects, advantages, features and results thereof which

" are presented in the original claims of this application,

or which will be apparent to those skilled in the fluid
operated pump art in the light of this disclosure, may
be attained with the exemplary embodiments of the in-
vention described in detail hereinafter and ﬂlustrated in
the accompanymg drawings, in which:

Fig. 1 is ‘a diagrammatic view illustrating a fluid op-
erated duplex pump which embodies the invention;

Fig. 2 is a diagrammatic view of a fluid operated triplex
pump embodying the invention;

Fig. 3 is a diagrammatic view which illustrates an-
other embodiment of a fluid operated triplex pump of
the mventlon,

.Fig. 4 is a view similar to Fig. 3, but illustrating vari-
ous components in different operating positions;

Figs. 5, 6 and 7 are enlarged, fragmentary sectional
views respectively taken along the arrowed lines 5—-5,
6—6 and 7—7 of Fig. 3; and

Fig. 8 is an exploded perspective view illustrating frag-
mentdrily a pump-unit control means of the invention in-

i corporated in the triplex pump of Fig. 3 of the drawmgs

Duplex pump 10
Cons;denng Fig: 1 of the drawings, illustrated therein

_ is o duplex pump 18 of the invention which includes two

40
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- mdependent but interrelated fluid opérated pumping de-

vices 124 ‘and 12b respectively including fluid- opérated
pump units 144 and-14b. - As will become apparent, each
of these: pump units has its own fluid operated engme
rheans and ‘its ‘'own pump’ means, the two-engine -means
being connected in parallel and the two pump means in
séries. The two pump units 14 and-14b are controlléd by a
control means 16 which includes independent but interre-
lated ‘engine-valve ‘units 16z ‘add 165, these valve units
forming parts of the-pumping devices 12a-and 125, respec-
tively,-and controllmg the- pump units 14a and l4b re-
spectively. -

The foregoing components of the pump 10-are actuated
by operating fluid under- pressure delivered to the pump
through a supply tubing 18. In the particular construc-

- tion illustrated; the spent operating fluid-is returned to

the surface through a réeturn tubing 20. © A production’

. tubing 22 serves to convey- the production fiuid pumped’

by the-pump units-14a- and 14H to the surface.
 The pump units 44 and 1456 are similar to those dis-

" closed:-in my- -aforementioned copending applicatlon

60
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Serial “No.. 598,785 and include combined -engine and
pump pistons or piston means 24a and’ 24b, respectively.
The pistons 24a and 24b respectively melude plungers
26a and 26b reciprocable in cylinders 28a and 28b; and
include rods 3Ca and 30b connecting the plungers 26a
and:26b to plungers-32q and 325 reciprocable in cylinders
34a.and 34b. The rods 30a and 305 extend: through
bores 38¢- and 36h in ﬂmd-tmht sliding engagement(

. with the walls.thereof.

70

(t]

The -pistons 24z and 24b are prov.ded therethrough
with -axial: passages- 38z and 38b for fluid being pumped
from an inlet 4@ into the production tubing 22, the:pas-
sages. 38« and 38b being connected in series and reverse
flow: therethrough - being prevented by working: valves
42a and 42b, respectively.  As. will: be apparent,:as long
as, the working stroke of each piston 24g and: 24b, the:
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working stroke thereof being its upward stroke, is initiated
before the end of the working stroke of the ‘other so
that one of the pistons is always on its working stroke,
one of the working valves 42z and 42b is ‘always closed
to prevent reverse flow from the production tubing 22 to
the inlet 40. Thus no standing vilve or valves are e
quired, which is an-important feature. ° ‘The manner in

which’ the ‘desired-phasing of the working strokés of ‘ths

pistons 24a and 24b iy, maintained  will -be - considéred
hereinafter,

‘As hereinbefore suggested, during the working' stroke
of each piston 244 -and 24b, the corresponding one of
the working valves 42a and 42b ‘is seated so' that the
pumped fluid is displaced upwardly' through the produc-
tion tubing- 22. : During the return stroke of each pis-
ton 24a and 24b, which is the downward stroke thereof,
the corresponding one of ‘the working" valves 424 -and
42b is open to permit bypassing of pumped fluid from
below such piston through the corresponding one of the
passages 38a and 385 into the corresponding one of the
cylinders 28a and 285 thereabove. @ | )

The working stroke of the piston 24a is affected by
applying the operating fluid pressure in the supply tubing
18 to the lower surface of the plunger 264 and the spent
operating fluid pressure or éxhaust pressure in the' return
tubing 20 to the upper surface of the plunger 324, where-
upon the piston 24a moves upwardly to displace pumped
fluid upwardly through the production tubing 22 and to
draw pumped .fluid ‘upwardly through the axial passage
38b through the piston 24b. The working stroke of the
piston 24b is. effected in the same way and, as’ this
piston moves upwardly: through- its  working ‘stroke, it

this being a¢¢§mpﬁshed;'by:th¢‘c‘dntrol means ]

the valves 162 and 16b connect the passagés 484 and
48b to branch passages 52z and 52b, respectively, these
branch passages communicating with the main passage
44 from the supply tubing 18. . ]

- Considering ‘the control means 16 in more detail, the
valve units 164 and 16p respectively include differential
area. engine valves 562 “and. 56b respectively having
plungers 582 and 58b ‘conniected to plungers 60z and 60b
by rods 62a and 62b, these plungers and rods being slid-
able in'suitable bores or c¢ylinders in fluid-tight engage-
ment with the walls thereof, as will be apparent from Fig.

- 1 of the drawings. . The: bores. for. the plungers 584 and

58b are identified by the reference characters 64a and 64b,

. the bores for the plungers 60z ‘and 56b are identified by
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displaces pumped fluid upwardly through the axial pas~ ..

sage 38z in the piston 24a and draws. fluid upwardly
through the inlet 40. The return stroke of the piston 24a
is produced by applying the operating fluid pressure to
both the lower surface of thé plunger 264 and the upper
surface of the plunger 32q, the area of the latter surface
slightly exceeding ‘that of the former so that the piston
24a moves downwardly through’ its return stroke when
equal pressures are applied to such surfaces. Since, in
order to effect the return stroke of the piston 24a, it is
only necessary to overcome mechanical friction between
the plungers 26a and 322 and the cylinders 28¢ “and
34a and fluid friction resulting from the flow of pumped
-fluid through the axial passage 38a past the working valve
42a, the drea of the upper surface of the plunger 32a
needs be only slightly greater than the area of the lower
surface of the plunger 26a. This may be accomplished
by ‘making the diameter of the cylinder 34a a few
thousandths of an inch greater than the diameter of the
cylinder 28a4. The return stroke ‘of the piston 245 is
effected in exactly the same ‘way so that a detailed de-
scription is unnecessary. : o -
Considering the manner in which the operating fluid
and exhaust pressures are applied to the pistons 24a
and 24b to accomplish the foregoing, the operating fluid
pressure is constantly applied to the lower surfaces of
the plungers 262 and 265 through a main passage 44
and branch passages 462 and 465, the main passage com-
munhicating with the supply tubing 18 and the branch
passages communicating ‘with the cylinders 284 and -28b.
Communicating with the cylinders 34a and 34b to apply
either operating fluid pressure or exhaust pressure to the
upper surfaces of the plungers 324 and 325 are passages
48a and 48b, these passages being controlled by the valve
units 164 and 16b, respectively, ‘When the exhaust pres-
sure is applied to the upper surfaces of the plungers 32z
and 32b to produce the working strokes ‘of the pistons
24a and 24b, the valve units 162 and 165 connect the
passages 482 and 48b to the return tubing 20 through
passages 50a and 505, respectively. Conversely, when
the operating fluid pressure. is applied to these areas ‘to
produce’ the. return strokes -of ‘the pistons 244 and’ 24b,

35
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the reference characters 662 and 66b, and the bores for
the rods 62a and 62b are identified by the reference char-
acters 68z and 685, o S
The operating fluid pressure is constantly applied to the
upper ends of the valves 564 and 565 through branch pas-
sages 70a and 70b leading from the main passage 44 to
the upper ends of the bores 642 and 64b. The passages
52a and $2b communicate with the lower ends of the
bores 64a and 64b s0 as to constantly apply the operating
fluid pressure to the annular areas at the lower ends of
the plungers 58a and 58b. The annular areas at the
upper ends of the plungers 69a and 60b are constantly
exposed to the exhaust pressure through branch passages
72a and 72b communicating with the passages 58z and
505 leading from the return tubing 20, the passages S0q
and 505 also communicating with the bores 64z and 64b
intermediate the ends thereof. With the foregoing pres-
sures constantly applied to the upper ends of the plungers
58a and 585, the annular areas at the lower ends of these
plungers and the annular areas at the upper ends of the
plungers 60a and 605, the valves 564 and 56b will move
upwardly when the operating fluid pressure is applied to
the Jower ends of the plungers 60« and 60b and will move
downwardly when the exhaust pressure is’ applied there-
to. When the lower ends of the valves 56z and 56b are
exposed. to exhaust pressure in the bores 664 and 66b,
the net downward force applied to each valve is equal to
the product of the cross sectional area of the correspond-
ing one of the rods 624 and 62b-and the difference be-
tween the operating fluid and spent operating fluid pres-
sures. When the lower ends of the plungers 68z and 66b
are exposed to operating fiuid pressure in the bores. 66a
and 66b, the net upward force on each of the valves 56a
and 565 is equal to the product of the différence Between
the operating fluid and exhaust pressures.and the differ-
ence between the cross sectional area of the correspond-
ing one of the rods 62a and 62b and the cross sectional
area of the corresponding plungers, assuming that both
plungers of each valve have the same cross sectional
area. , . . . ,
Considering the manner in which either the operating
fluid pressure or the exhaust pressure is applied to the
lower ends of the valves 564 and 56b, passages. 74a and
74b respectiv.ely:communicate‘w‘it_h the lower ends of the
bores 660 and 66a and thus communicate with the lower
ends of the plungers 685 and 60a.  The passages 74z and
745 communijcate with passages 76a.and 76b leading to
the bores 36a and 36b in which the réds 302 and 305 of
the pump-unit pistons 24a and 24b are disposed, these pas-
sages being referred to hereinafter as control passages.
The passages 76a and 76b are adapted to be connected to’
passages 78a and 785 by control ports 80a and 80b in
the rods 30a and 30 as the pistons 24z and 245 approach
the ends of their working strokes; but. before_these pistons
reach the énds of their working strokes. The. passages
78a and 78b, which are also control passages, communi-
cate with the bores 642 and 64b and constantly register
with annular channels 822 and 825 in the plungers 58a
and 58b. The channels 82a and 825 also constantly com-
municate with the passages S04 and 505 leading to the e,
turn tubing 20 so that the spent operating fluid pressure
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is constantly present in these channels. When the valves
56a and 565 are in their lower positions, the channels
82a and 82b also communicate with the passages 48a and
48b leading to the pump-unit cylinders 34a-and 34b.
However, when the valves 56a and 56b are in their upper
positions, the channels 824 ‘and 825 also communicate
with, passages 84a and 84h leading from the bores 64a
and 644 to- the passages T4a and 74b throuOh restnctors
862 and 86b.

The foregoing mtercormecuons between the ‘pump and
valve units’ Idq, 14b, 162 and 16b interrelate ‘the opera-
tions of thése units in such a way that the flow of pumped

10

fluid through. the productlon tubing 22 and the flows of -

operating flilid under pressure and spent operating fluid
through the supply and return tubings 18 and 20 are sub-
stantially constant to minimize hydraulic shock. This
interrelation will Become apparent from the following de-
scription. of the operation of the duplex pump 10.

Operation of pump 10

It is thought that the operation of the duplex pump 10
may be understood more readily if it is kept in mind that,
insofar as the operation of the pump units 14q and 145
is concerned, the valves 56a and 56b control the working
and return strokes of the pistons 24g and 24b, these pis-
tons moving upwardly through their working strokes when
the valves are in their lower positions and moving down-
wardly through their return strokes when the valves are
in their upper positions, ~As regards upward movement of
the valves 56a and 56b, the valve 56b controls the valve
564 and the valve 56a controls the valve 56b. With re-
spect to downward movement of the valves 56a and 56b,
the piston 24a controls the valve 56b and the piston 24b
controls the valve 56a. 'With the foregoing in mind, the
operation of the duplex pump 10 will now be considered
in detail,

It will be assumed that the plstons 24¢ and 24b and
the valves 56a and 56b are in the positions shown in Fig. 1
of the drawings. This being the case, the piston 24a is
moving upwardly through its working stroke, as indicated
by the arrow 88q, and the piston 24b is moving down-
wardly through its refurn stroke, as indicated by the ar-
row 88b, or has just reached the end of its return stroke.
The working stroke of the piston 24a results from the
application of ‘exhaust pressure to the upper surface of
the plunger 32«4 through the passage 48a, the annular
channel 824 in the valve 564, and the passage 58a. The
return stroke of the piston 24b results from the applica-
tion of the operating fluid pressure to the upper surface
of the plunger 325 through the passage 485, the lower end
of the bore 545, the passage 525 and the passage 44. Dur-
ing the workmg stroke ‘of the piston 24a, the working
valve 42a is closed so that pumped fluid is displaced up-
wardly ‘through the production tubing 22. At the same
time, the working. valve 42p is open as the piston 24b
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negotiates its return stroke so that pumped fluid flows -

from the inlet 46 through the piston 24b into the region
between the two pistons.

As the piston 24a approaches the end of its workmg
stroke, but before it reaches the end of such stroke, the
contro] port 88a bridges the control passages 76a and 78a.
When this occurs, the lower end of the valve 56b is ex-
posed to the exhaust pressure through the passage 74a,
the control passage 76a, the control port 80a, the control
passage 78a, the annular ‘channel 82z in the valve 56a,
and the passage 50a. Consequently, the valve 560 moves
downwardly into its lower position, with two results.

First, it disconnects the upper surface of the plunger
32b of the piston 245 from the supply tubing 18 and
connects it to the return tubing 20 through the passage
48b, the annular chanoel 825 in the valve 56b, and the
passage 50b. Consequently, the working stroke of the
piston 24b is initiated to displace pumped fluid upwardly,
the working stroke of this piston being initiated before
the working stroke of the piston 24a is terminated so
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that the: pumping load is gradually shifted from the piston
24a to the piston 24b to avoid hydraulic shock, which is
an-important feature of the invention.

The second thing that happens when: the valve §6b
moves downwardly into its lower. postijon is that it ap-
plies the operating fluid pressure to the lower end of the
valve S6a through. the passage 44, the passage 705, the
bore G4k above the-valve 56b, the passage 84b, the restric-
t0r 86b.and the passage 74b, the passage 765 being closed
by the rod 30b. under: such conditions: This application:
of the operating fluid pressure to the lower end of the
valve. 562 through the restrictor. 865 produces upward
movement of the valve 56z toward its upper position at
a rate controfled by the restrictor 865, which rate is such
as to delay termination of the working stroke of the pis-
ton 244 until the piston 24b attains full speed on its work-
ing stroke.. When the valve 56a reaches its upper posi-
tion, it disconnects the upper surface of the plunger 32a
of the piston 24a from the return tubing 20 and connects
it to-the supply tubing 18 through the passage 44, the pas-
sage 52a, the bore 64a below the plunger 58a of the valve
and the passage 48a. Consequently, the return stroke of
the piston 24a is initiated. The piston 24a moves down-
wardly at a substantially uniform rate which is relatively
high due to the fact that only mechanical friction and flnid
friction through the axial passage 384 past the working
valve 422 must be overcome. Consequently, the piston
24a reaches the end of its return stroke before the piston
24b completes its working stroke, and remains in its lower
position until the piston 24b approaches the end of its
working stroke. The desired speed of the piston 24a
during its return stroke is readily achieved by making the
area of the upper surface of the plunger 32a sufficiently
larger than.the area of the lower surface of the plunger
26a. :
The valve 36b is held in its lower position during the
working stroke of the plston 24} in the following man-
ner. When the valve 56a is in its upper position, as here-
inbefore. described, the passage 84a communicates with
the return tubmg 20 through the annular channel 82a in
the valve 56a and the passage 50q.. Consequently, the
exhaust pressure in the return tubing 20 is applied to the
lower end of the valve 56b through the passage 50a, the
annular. channel 82a in the valve 564, the passage 84a,
the restrictor 86a and the passage 74a, the passage 76a.
being closed by the rod 38a. Thus, a hydraulic locking
means for maintaining the valve 56b in its lower posmon
throughout the working stroke of the piston 24b is pro-
vided.

Summarlzmg the foregoing, as the piston 24a ap-.
proaches the end of its working stroke, it moves the valve.
56b downwardly to start the working stroke of the
plston 24b before the piston 24a completes its work-
ing stroke. The valve 56b moves the valve 56a upwardly
to initiate the return stroke of the piston 244. In a simi-.
lar manner, the piston 24b controls the valve 56a, which,
in turn, controls the valve 565h. In other words, as the
piston 24b approaches. the end of its working stroke,
it moves the valve 564 downwardly to initiate the work-
ing stroke of the piston 24a. The valve 56a also moves
the valve 566 upwardly to initiate the return stroke of
the piston 24b.

Considering how the foregoing is accomplished, as the.
piston 24h approaches the end of its working stroke,
but before it completes such stroke, the control port $0b
bridges the control passages 76b and 785 to apply exhaust
pressure to the lower end of the valve 562 through the
passage 50b, the annular channel 82b in the valve 565,
the control passage 78b, the control port 80b, the con-
trol passage 76b, and the passage 74b. Consequently, the
valve 56q moves downwardly, the flow resistance offered
by the restrictor 86 being sufficiently high that, even
though it is open to the operating fluid pressure in the
supply tubing 18 through the passage 44, the passage 70b,

. the :bare 64b above the valve 565, and the passage 84b
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tindef ‘such ' conditions, it does not appreciably. increase -
the pressure applied to the lower end of the valve 56a
above the exhaust pressure.. When' the valve 56a moves

downwardly into its lower position in the foregoing man-
ner, two events take place;, - - . i
- First, the upper surfacé of the plunger 324 of the pis-

ton 24a is disconnected from the supply tubing 18 and is:

connected to-the return- tubing 20-through the passage

50q, the annular'channel 824 in the -valve 564; and the”
passage 482 Thus; ‘the working stroke of the piston-

24a is initiated, this taking place before the completion
of the working stroke -of the piston 245 so' that again

-the pumping load is gradually transferred. from the piston

24b -to the piston 24a to prevetit hydraulic -shock;- ~-
The second thing that occurs in response to downward

movement of the valve 56a to its lower positionis that

it connects the lower end of the valve 565 to the supply
tubing 18 through the passage 44, the passage 70aq, the
bore 64a above the plunger 584, the’ passage 84a, the
restrictor 86z, and the passage 74a. Consequently, the
valve 565 is moved upwardly into its upper position to
disconnect the upper surface of the plunger 325 of the
piston 24b from the return tubing 20 and to connect it
to the supply tubing 18 through the passage 44, the pas-
sage 52b, the bore 645 below the plunger 585; and the
passage ‘48b. - This produces the downward or return
stroke of the piston 24b;, the latter moving downwardly at
a sufficiently high speed that it reaches the end of its
return  stroke before “the piston 24a reaches the end
of its working stroke; as hereinbefore discussed in connec-
tion with the piston 24a.. The desired, relatively high

return speed ‘for-the piston 24b- is achieved by making
the area.of the upper surface of the plunger 32b suffi--

ciently larger than the area of.the-lower surface of the

plunger 265. R : . ) ’
'As previously described, the valve 565 is locked in its

lower position when the valve 56z is in its upper position

by applying the . exhaust pressure to the lower-end of-

the  valve..56b through the passage 50a, the annular
channel 824, the passage 84a, the restrictor 864 and the
passage 74a. The valve 56 is locked in its lower position
when the valve 565 is in its upper position by applying
exhaust pressure to the lower end of the valve 564 through
the‘passage 505, the annular channel 825, the passage
84b, the restrictor 865 and the passage 74b: The valve
56b -is locked in its upper position when the vaive 564 is
in its lower position by applying the. operating. fluid pres-
sure to the lower end of the valve 56b through the passage
44, the passage 70a, the upper end of the bore 644, the
passage 84a, the restrictor 86a and the passage 74z. The

valve 56a is locked in its upper position when the valve -

560 is in its lower position by applying the operating flnid
pressure to the lower end of the valve 56a through the
passage 44, the passage 70b, the upper end of the bore
64b, the passage 84b, the restrictor 865, and the passage
T74b. .. . » S <o ' -
~From the foregoing description of the operation of the
pump 10, it will be apparent that as each of the pistons
24a and 24b approaches the end of the working stroke, it
initiates the working stroke of the other to effect a gradual
transfer of the pumping load from one piston to ‘the

other. Subsequently, the first piston completes its work-

ing stroke and thereafter executes its return stroke before
the second piston reaches the end -of ‘its working stroke.
Thus,. the second of the pump units 14 and 34b always
starts up before the first completes its working stroke,
the resulting gradual transfer of the pumping load result-

ing in continuous flow of the pumped -fluid so that no _

hydraulic shock in the production tubing 22 results. Also,
since the engine portions or means of both pump units

14q and 14b are connected in parallel and thus are always:

receiving operating fluid under pressure and discharging
spent: operating fluid, the flows of .operating fluid under

pressure and of spent -operating fluid are substantially
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continuous so that no hydraulic shock results in eithet the
supply tubing 18 or the return tubing 20. - . o
The amount by which each of the pump units 14a and
14b-leads the other with respect to initiation of the work-
ing stroke “of. its ‘piston 24a ‘or 24b depends upon the
locations of -the control ports' 80z and 805 in the rods’
30a and 30b. These ports are so located as to permit the
second piston to attain-normal full 'speed before the first
piston - completes its “working ‘stroke. “The- amiount” of
overlap -of the working strokes of the two ‘pistons 244
and 24b is also ‘controlled’ partly by the Testrictors 86a
and 865 since these restrictors control the rates of upward
movement of the valves 56z and 56b and thus control
the times at which the working strokes of the pistons 24a
and "24b are completed ‘and the return strokes ‘thereof
initiated. -Thus, the phasing of the working strokes of the
two pistons 24a and-24b is determined by both the loca-
tions of the control ports 80z and 80b and the flow re--
sistances of the restrictors 86a and 865. ’ )
Since the pumping portions or pump means of the two
pump units 14a and 14b are connected in series to pro-
duce a substantially continuous flow of pumped fluid,
it will be apparent that the pumping capacity is greatly
increased for: the same over-all pump diameter, which
is-an important feature, Conversely, the over-all pump-
diameter may be greatly reduced to provide the same
pump capacity as conventional pumps of larger diameter.-
This is sometimes of great economic advantage, as the
use of a pump of a smaller over-all diameter permits the
use of a smaller tubing for the pump and thus permits the
use. of ‘a smaller well casing and.a smaller well bore,
thereby reducing drilling costs, casing costs and ‘tubing’
costs.- The net-result is a "very “substantial saving in’
capital costs. ] e T
S e Triplex pump 110
. The triplex pump of the invention which is illustrated
in.Fig. 2 of the drawings is designated ' generally by the .
numeral -110-and includes three pumping devices 112aq,:
1125 and 112c, respectively, including axially -aligned
pump units 1144, 1145 and 114c having pump portions.
or means connected in series and engine portions or means
connected . in parallel, as will become apparent. The
pump units 114a, 1140 and 114c are regulated by a
control means 116 which, in- the embodiment presently
under consideration, comprises axially aligned valve units
116a, 1165 and 116c, respectively, controlling the pump
units 114a, 1145 -and 114c, the valve units being spaced.
from and located alongside the pump units. AR
The triplex pump 110 is supplied with operating fluid
under pressure through a supply tubing 118 ‘and, in the
particular construction illustrated, which is a closed sys-
tem, the spent operating fluid is returned to the surface
through a return tubing 120. The fluid discharged by
the pump units 114q, 114b and 114dc is pumped to the:
surface through a production tubing 122, R
The pump units 114a, 114b and 114¢ are all identical’
and are substantially identical to the pump units' 14a;
and-14b of the duplex pump 10, differing’ therefrom
solely in substituting two- control ports, which will. be
desctibed hereinafter, for the-single control ports 804
and 80b of the pump units 14a and 14, Consequently,
those components of the pump units 114z and 1145
which are identical to corresponding components. of the
pump units 14 and 14b will be: designated by reference
characters differing from the reference characters utilized
in_connection with the pump units 14z and 14p by the
addition of the number “100” thereto. Also; since the
pump unit 114c is identical to the pump units 1144 and":

nated by reference characters differing from the reference -
characters associated with the pump units 1144’ and 1145
by the substitution of the suffix “c” for the suffix. “@ or
the suffix “6.” - The inlet corresponding to the inlet 40
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of the duplex pump 10 will be designated by the reference
character 140,

As in the case of the pistons 24a and 24b of the pump
units 14¢ and 145, the lower surfaces of the plungers
1264, 126b and 126¢ of the pistons 124a, 124b and 124c
are constantly exposed to the operatmg fluid :pressure in
the supply: tubing 118 through a main passage 144 and
branch passages -146a, 146b and 146c.
faces of the plungers 132a, 132h and 132c are alternately
exposed to the operating fluid pressure in the supply tub-
ing 118 and the spent operating fluid pressure or exhaust
pressure in the return tubing 120 through passages: 1504,

150p and 150c controlled by the valve units 116a, 1165

and 116c. The valve units 1164, 1165 and 116¢ respec-
tively include engine valves 1524, 152b. and 152¢ which
are movable between upper and lower positions, these
valves .connecting the passages-150a, 1505 and 150c to
passages 154a, 1545 and 154c leading to the return tubing
120 when in their upper positions, and connecting the
passages 150q, 15056 and 150c¢ to branch passages 156a,
1565 and 156c of a main passage 158 leading to the
supply tubing 118 when in their lower positions. - Thus,
the valves 152q, 152b and 152c¢ are in their upper posi-
tions to produce the upward or working strokes of the
pistons 124a, 1245 and 124c¢ and are in their lower posi-
tions to produce the downward or return strokes of the
pistons. Thus, the relation of valve position to piston
stroke in the pump 110 is the reverse of that in the
pump 10.

The valves 152a 152b and 152¢ are similar in construc-
tion and operation to those disclosed in my aforemen-
tioned copending application Serial No. 598,785 so that
an extremely detailed description thereof herein w111 not
be necessary.

The valves 1524, 152b and 152c¢ are dlﬁerentlal area
valves each having a three-speed action during its upward
movement, at which time it is controlling the acceleration
of the corresponding piston 124a, 124b, or 124c at the
beginning of its upward or working stroke, and each hav-
ing a two-speed action during its downward movement,
at-which time it controls the initiation of the downward
or return.stroke of the corresponding piston. The valves
152a, 152b and 152c¢ include relatively smaller plungers
160z, 1605 and 160c and relatively larger plungers 1624,
162b and 162¢, the smaller plungers being reciprocable

in ‘bores 164a, 164b and 164c, and the larger plungers.

being reciprocable in bores 166a, 1660 and 166c and
being connected to the smaller plungers by reduced-diam-
eter rods or stems 168a, 1685 and 168c. When the valves
152a, 1525 and 152c¢ are in their upper positions, the
passages 1504, 1505 and 150c are connected to the pas-
sages 154a, 154b and 154c¢ through the annular spaces
around the rods 1684, 1680 and 168c¢ to produce the
working strokes of the pistons 124a, 1245 and 124c.
When the valves are in their lower positions, the pas-
sages 150a, 1505 and 150c¢ are connected to the passages
1564, 1566 and 156c through the bores 164a, 164b and

164¢ above the plungers 160a, 1605 and 160c to produce .

the return strokes of the pistons 124a, 124b and 124c.
The plungers 162a, 162b and 162c¢ of the valves 152a,
152b and 152¢ are provided adjacent the upper ends
thereof with external annular channels 170a, 1705 and
170c, respectively, . These channels communicate with
branch passages 1724, 172b and 172¢ of the main pas—
sage 158 when the valves 1524, 152b and 152c¢ are in
their -upper positions and as they move upwardly from
their lower positions to their upper positions, the main
passage 158 leading to the supply tubing 118, as herein-

before described, and thus supplying operating fluid under_

pressure to the channels 17¢a, 1705 and 178¢ under the
conditions specified. The lower ends of the channels

170a, 1706 and 170c communicate with external helical -
speed control grooves or threads 174a, 174b and 174c.

in the plungers 162, 162b and 162c; these grooves com-
muni;;zting at‘their lower ends with external annular

The upper sur-
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grooves 1764, 1765 and 176¢ which, in turn, communicate
with axial passages 1784, 178b and 178¢ in the plungers
1624a,.162b and 162¢ through radial ports 1804, 1804
and 180c therein. These axial passages extend to the
lower énds of the valves 152q, 152b and 152c. When
the valves. 1524, 152b- and 152¢ are in their lower posi-
tions, -the annular grooves 1764, 1765 and 176c com-
maunicate with branch passages 182q,-182b and 182¢ of
conirol passages 184, 184b and 184c¢ which extend from
the pump-unit bores 136a, 1366 and 136¢ to the lower
ends of the valve-unit bores 1644, 164b and 164c. As
will be apparent, the branch and control passages just
mentioned always communicate with the return tubing
120 through the annular spaces around the valve rods
168, 168b and 168c and the passages 154a, 154b and
154c¢ so that the exhaust pressure is always present in-
these passages.

The plunger 1624, 162b and 162c of the valves 1524,
152b and 152c¢ are provided below the grooves 176a,
176b-and 176c¢ with external annular grooves 186a, 1865
and 186¢ which communicate with the axial passages
1784, 178b and 178c¢ through radial ports 188a, 188)
and 188c, and which register with branch passages 190a,
1905 and 190c¢ of the main passage 158 in intermediate
positions of the valves 1524, 152b and 152c, the main
passage 158, as hereinbefore stated, communicating with
the supply tubing 118 so that it always contains operating
fluid under pressure.

Below the annular grooves 186a, 1865 and 186¢ the
plungers 1624, 162b and 162c¢ are provided with relatively
wide, external annular channels 192a, 1926 and 192c
which communicate with the axial passages 1784, 178b
and 178¢ through radial ports 1944 194b and 194c, and
which register with. control passages 196a, 1965 and
i96¢ when the valves 1524, 1526 and 152¢ are in their
lower positions and when they are in intermediate. posi-
tions. The control passage 196a leads to the bore 1365
of the pump unit 114b to provide for control of the valve
1524 by the piston 124b. Similarly, the control passage.
1965 leads to the bore 136¢ of the pump unit 114c so
that the piston %24c exercises control over the .valve
152b. The control passage 196¢ leads to the bore 136a
of the pump unit 114a, which means that the piston.
124a exercises contrcl over the valve 152¢c. Thus, the.
uppermost pump unit 1ida exercises control over the
lowermost valve unit 116c while the intermediate and.
lowermost pump units 1145 and 114c exercise control
over the uppermost and intermediate valve units 116a
and 116b to provide the desired timed relation or phas-
ing between the pump units, as will be discussed in more
detail hereinafter.

Additional control passages 198¢, 1985 and 198c ex-
tend from the bores 1364, 136b and 136c of the pump
units 114q, 114b and ‘114c to the lower ends of the major
bores 166a, 1666 and 166¢ of the respective valve units
1164, 1165 and 116¢c. As will be described in detail here-
inafter, the control passages 198a, 198b and 198c permit
the pump units 114a, 1145 and 114c to exercise control
over the respective valve units 116a, 1165 and 116c.
Thus, control over the valve units 1164, 136 b and 116¢ is
exercised not only by pump units other than the pump
units 114a, 114b and 114c which the respective valve
units 116a, 116b and 126¢ control, but also by the pump
units 114, 114h and 114c which the respective valve
units 1164, 1165 and 116c¢ control.

The rods 13%aq, 138) and 13@c of the pistons 124a,
1245 and 124c are provided with control ports 290a,
200 and 208c, respectively, and contro! ports 202a, 2425
and 292c, respectively. As the pistons 124a, 124b and
124c approach the ends of their working strokes, but be-
fore they complete their working strokes, the control ports
260a, 200b and 206c¢ connect the control passages 196¢,
1564 and 196b, respectively, to the cylinders 1284, 1285
and 128c, respectively.  These cylinders always contain
operating fluid under pressure because of their connec-
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tions to the supply tubing 118 through the branch pas-
sages 1464, 146b and 146c, respectively, and the main

passage 144. At the .same time as or shortly after the’

control ports 200z, 2695 and 289c accomplish the fore-
going, but again before the pistons 1244, 124b and 124c
reach the ends of their working strokes, the control port
202 bridges the control passages 184¢ and 198z, the
control port 292b bridges' the control passages 184b
and 1985, and the control port 262c¢ bridges the control
passages 184c and 158c. As will become apparent; the
control ports 2004, 2006 and 206c thus cause the pump
units 114g, 114 and 1idc to exeicise comtrol over cer-
tain of the valve units 1164, 116b and 116¢ other than the
valve units by which' the respective pump units are con-
trolled, while the control ports 282a, 2625 and. 202c¢
cause the pump units 114a, 1145 and L14c to- exercise
control over the respective valve units 1164, 1165 and
1%6¢ by which they are controlled. :

Operation of pump 110

For convenience in considering the operation of the
triplex pump 110, the detailed operation of the valves
152a, 152b and 152¢ will be considered first. Thereafter,
the over-all' operation of the pump 110, including the
interrelations between the pump units 114a, 114b and
¥14c and the valve units 116a, 116s and 116¢, will be
considered. Since the valves 152a, ¥52b and 152¢ are
identical, they all operate in exactly the same way and
only the operation of the wvalve 1524 will be discussed
in detail. " : ! -

As will be apparent, the upper end of the valve 1524
is- always exposed to-the operating fluid pressure in the
supply tubing 118 through the main passage 158 and the
branch passage 1564. Similarly, the annular areas at the
lower end of the plunger 160a and the upper end of the
plunger- 162a ‘are always exposed to the exhaust pres-
sure in the return tubing 120 through the passage 154a.
Thus, the operating fluid pressure constantly acts down-
wardly on. the area of the plunger 1604 and the exhaust
pressure - constantly acts downwardly on the difference
between the areas of the plungers 1602 and 162a. There-
fore, when the exhaust pressure is applied to the lower
end ‘of the valve 152¢q, this valve moves downwardly,
the downward force producing this movement being the
product. of the area of the plunger 1664 and the differ-
ence between the operating fluid and exhaust pressures.
Conversely, the valve 152¢ moves upwardly when the
Jower end thereof is exposed to the operating fluid pres-
sure, the net upward force being the result of the applica-
tion of the difference between the operating fluid. and

exhaust pressures to the difference between the.areas of-

the plungers 1624 and 168a. o

Considering first upward movement of the valve mem-
ber 152a from its lower position, such movement is ini-
tiated by the application of the operating. fluid pressure
to the Jower end thereof through the control passage 1964,
the annular channel 1924, the radial port 1942 and the
axial passage 1784. All of these passages offer relatively
little restriction to operating fluid flow so that the valve
152a ‘moves upwardly at a relatively high first- speed.
Eventually, the annular channel 192z moves upwardly
out of register with the control passage 196, which marks
the-end of upward movement of the valve 152¢ at its first
speed. At this point, the channel 1704 registers with the
branch passage 172a of the main passage 158 leading
to the supply tubing 118, whereupon the pressure of the
operating fluid in the supply tubing is applied to the
lower-end of the valve 152¢ through the main passage
158, the branch passage 172a, the channel 1704, the
helical groove or thread 174q, the amnular groove 1764,
the radial port 180a and the axial passage 1784. Under
these condition, -the valve 1524 continues its upward
movement at a relatively slow second speed, determined
by the flow capacity of the helical thread 174a.  As the
valve 152a moves upwardly at its relatively slow second
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" speed, the plunger 160a begins to uncover the passagé

1504 to connect the cylinder 134a above the plunger 132a
to the return tubing 128 through the annular space around
the rod 1684 and the passage 1544. ' This connection of
the: cylinder 134q above the plunger 132g to the return

tubing . 120 is thus initiated slowly so as to initiate the.

working stroke of the piston 124a slowly to avoid hy-
draulic-shock-and to prevent racing of the piston 1244 in
the ‘event. that ‘it is not acting on solid fluid. . .

After the plunger 160z has begun to uncover the pas-

sage 158a to-initiate the working stroke of the piston"

1244 in the foregoing manner, the annular groove 1864
registers with the branch passage 190z leading to the sup-
ply tubing 118 through the main passage 158, whereupon
operating fluid under pressure from the supply tubing

may flow. through the main passage 158, the branch pas-.

sage 190, the annular groove 186q, the radial port.-188a

and the axial passage 1784 to the lower end of the valve.

1524. The port 1884 offers materially less resistance to
flow than the helical thread 174a so that the valve 152a
now moves upwardly at a relatively high third speed.
Normally, the size of the radial port 188« is such that it
will supply sufficient operating fluid to cause an upward
speed of the valve 1524 approximately three times the

speed attainable with the helical thread 1744 alone. Thus, -

the relatively high third speed of the valve 1524 is ap-
proximately four times the relatively slow second speed
thereof. The relatively high third speed of the valve
1524 permits the establishment of full communication be-
tween the return tubing 120 and cylinder 1344above the

plunger 132« at a relatively-high rate, affer initial com- -

munication has been established slowly in the -manner
hereinbefore  described, to permit the piston 1244 to

achieve its normal working-stroke speed as quickly as -

possible, such slow establishment of initial communication .

preventing hydraulic shock as the piston 1244 starts its
working stroke. : .

As the valve 1524 approaches ‘its upper position, the

annular groove 186a moves upwardly out of register with

the passage 198a so that the final upward movement of
the ‘valve is again-controlled by the helical thread 174a.
Consequently, this helical thread also acts to lock the
valve: 1524 in its upper position since, under the condi-
tion existing at this stage, the lower end of the valve 1524
is exposed to the operating fluid pressure in the supply
tubing 118 through the passage 158, the passage 172aq,
the annular channel 170q, the helical thread 174a, the
annular groove 176q, the radial port 180a and the axial
passage 178a. IR .

Considering now the downward movement of the valve
1524, as soon as ‘the exhaust pressure is applied to the
lower end of this valve through the passage 198a, the
valve starts downwardly at a relatively high first speed.
The passage 198a communicates with the bore 1662 some-
what above the lower end thereof so that the plunger 1624
the the valve 1524 eventually covers the passage 198,
the plunger 162¢ beginning to cover the passage 1984
when the plunger 160z begins to uncover the passage

150a. Thereafter, the valve 1522 moves downwardly at -

a relatively slow second speed to establish communication
between the supply tubing 118 and the cylinder 1344

above the plunger 1324 slowly, thereby initiating the re- -
turn stroke of the piston 124a slowly to eliminate hy- -

draulic shock. The relatively slow second downward

speed of the valve 1524 is produced by the radial port -

180a, the lower end of the valve 1524 being connected to.
the return tubing 120 by way of the passage 154a, the

annular space around the rod 1684, a portion of the con-

trol passage 1844, the branch passage 1824, the annular -

groove 1764, the port 1804, and the axial passage 178a.

is approximately the same size as the radial port 188a

controlling  the third upward speed of the valve.” Once .
the valve 1524 reaches its lower position, the lower end



2,839,307

15

thereof continues to be exposed to the exhaust pressure
in the return tubing 128 through the passage 154a, the
annular space around the rod 1684, a portion of the con-
trol passage 184a, the. branch passage 1824, the annular
groove 176a, the radial port 188a and the axial passage
178a. Thus, the port 188q acts as a hydraulic lock for
the valve 1524 when it is in its lower position.

As hereinbefore stated, the valves 1525 and 152¢.oper-
ate in exactly. the same way as the valve 152a in moving
from their lower positions to their upper positions and
from their upper positions to their lower positions.” Con-
sequently, no description of the operation of the valves
152b and 152c¢ is necessary,

Consider now the over-all operation of the triplex
pump 116, the valves 1527 and 152c¢ are shown in their
upper positions and the valve 152b is shown in its lower
position so that the pistons 1244 and 124c are on their
working strokes, as indicated by the arrows 204a and
204c, and the piston 1245 is on its return stroke, as indi-
cated by the arrow 2045, or has reached the end of its
return stroke. The piston 124c is leading the piston 124a
by approximately 120°, the piston 124a is leading the
piston 1245 by approximately 120°, and the piston 1245
is leading the piston 124c by approximately 120°, con-
sidering the working and return strokes of one of the

pisions as constituting a 360° operating cycle. This timing -

- or phasing of the movements of the pistons 124a, 124)
and 124c is achieved in a manner that will become ap-
parent in the light of the description which follows.’

Considering the piston 124c, -it will be noted that it
is .approaching ‘the end of its working stroke and that
the control- port 209c. is about to connect the cylinder
128c to. the control ‘passage 1965, When this occurs,
operating ‘fluid under pressure flows from the: supply
tubing 118 through the main passage 144, the branch pas-
sage I46c, the cylinder 128¢, the control port 206c¢, the
control passage 196b, the annular channel 1926 in the
valve 132b, the radial port 194b in this valve, and the
axial passage 178b therein into the bore 1665 below the
vaive 152b. The operating fluid pressure is thus applied
to the lower end of the valve 1525 to move it upwardly
in the manper hereinbefore described, whereupon' the
valve 1526 disconnects the upper surface of the plunger
13256 from the supply tubing 118 and connects it to the
return tubing 128, through the passage: 150b, the an-
nular space around the rod 168) and the passage 154b,
to initiate the working stroke of the piston 1245, Thus,
the piston 124c, as it approaches the end of its working
stroke, moves the valve 1525 from its lower position to

its upper position to initiate the working stroke of the :

piston 124b, thereby effecting a gradual pumping load
transfer from the piston 124c¢ to the piston 124b. Thus,
the piston 124c exercises control over a valve, viz., the
valve 152b, other than the valve, viz:, the valve 152c,
by which the piston 124c itself is controlled.

The piston 124c also exercises control over the valve,
viz., the valve 152¢, by which it is controlled. © More
-specifically, at about the time the control port 280c
connects the control passage 1966 to the cylinder 128c,
~or immediately thereafter, the control port 202¢ bridges
the' control passage 184c and i98c. When this occurs,
the exhaust pressure is- communicated to the lower end
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of the valve i52c¢ through the passage 154c, the annular -

space around the rod 168c, the passage 184c, the control
port 262¢ and the passage 128c. The application of ex-
haust pressure to the lower end of the valve 152c¢ results
in-downward movement of this valve into its lower posi-
tion, as hereinbefore described. Downward movement
of the valve 152¢ into its lower position terminates com-
munication between the upper surface of the plunger 132c¢
and the return tubing 12§ and establishes communication
between this surface and the supply tubing 118 through

70

the passage 158, the passage 156c, the bore 164¢c above

the valve. plunger :168c, and the passage 150c.- Conse-
quently, the return stroke of -the piston 124c is initiated,
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this occurring after initiation of the working stroke of
the piston 1245 to insure the hereinbefore-described pump-
ing load transfer from the piston ¥24c to the piston
124b.

Similarly, when the piston 1244 has substantially
reached the end of its working stroke, the control port
288a acts through the control passage 196¢ to move the
valve 152¢ upwardly to initiate the working stroke of
the piston 124c, and the control port 2¢2a acts through
the control passage 1984 to move the valve 152a down-
wardly into its lower position to initiate the return stroke
of the piston- 124a. Thus, a gradual pumping load
transfer from the piston 2244 to the piston 124c¢ occurs.
Again in a similar manner, as the piston 1245 approaches
the end of its working stroke, the control port 2065 acts
through the control passage 196a to move the valve 152a
upwardly to initiate the working stroke of the piston
124a, and the control port 2625 acts through the control
passage 198b to cause the valve 152b to move down-
wardly to initiate the return stroke of the piston 124b,
thereby gradually transferring the pumping load from
the piston 124b to the piston 1244. The operating cycle
is completed when, as hereinbefore described in detail,
the piston 124c¢ moves the valve 1525 upwardly to initiate
the working stroke of the piston 1245 and moves the
valve 152¢ downwardly to initiate its own return stroke.
The piston 124a controls the valves 152¢ and 152¢ and
the piston 124b controls the valves 152a and 1526 in
exactly the same manner as the piston 12dc controls the
valves 1525 and 152c so that a detailed description is
unnecessary.

As will be apparent from the foregoing, the phasing
or timing of the working and return strokes of the pistons
124a, 124b and 124c is such that two of these pistons

‘are-on their working strokes at all times, since the pump-

ing load carried by each of the pistons as it approaches
the end of its working stroke is transferred to a piston
which has completed its return stroke.

As two of the pistons 124a, 1245 and 124c move up-
wardly through their working strokes in phased relation,
with one leading the other by approximately 120°, the
third piston is moved downwardly through its return
stroke, or has completed its return stroke and is standing
at the lower end of its travel waiting for the next piston
in the series to approach the end of its working stroke.
In order to achieve this, it will be apparent that the speed
of each piston during its return stroke must be at least
twice its speed during its working stroke. This is ac-
complished readily by making the area of the upper sur-
face of each plunger 1324, 1326 and 132¢ sufficiently
larger than the area of the lower surface of the corre-
sponding one of the plungers 126«, 1265 and 126c. Since
only mechanical friction and fluid friction through the
axial passages 138a, 138b and 138c must be overcome
during the return strokes of the pistons 1244, 1245 and
124c, the desired high return stroke speed may be achieved
by .making the diameter of the cylinders 1344, 134b ‘and
134c a few thousandths of an inch larger than the diam-
eter of the cylinders 1284, 128b and 128c. ]

Considering some of the advantages of the triplex pump -
110, since the pumping load is always transferred from
the piston 124a, 124b or 124c which is nearing the end
of its working stroke to the piston which is standing at
the lower end of its travel before the first piston men-

; tioned reaches the end of its working stroke, there is sub-

stantially: no tendency to induce hydraulic shock in the
pumped fluid.. Also, since the engine portions or means
of the pump: units 1i4a, 114b and 114c are connected
in. paraliel, the flows of operating fluid under pressure
from - the supply tubing 118 and of spent operating fluid
to the return tubing 12¢ are substantially constant to
avoid inducing hydraulic shock in either the operating fluid
column or the spent operating fluid column.

Since the pumping load is always carried by two of
the pistons 124a, 124b and 124c, and since these pistons
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are preferably identical, it will be apparent that the pump-
ing load is always divided equally between two of the
pistons. Consequently, the operating fluid pressure re-

quired for a given pumping capacity is only half that -

which would required if only one of the pistons were on
its working stroke at any instant. Conversely, if the

same operating fiuid pressure is used, the engine areas,

i.e., the areas of the upper surfaces of the plungers 1324,
132b and 132c and the areas of the lower surfaces of
the plungers 126a, 1260 and 126¢ may be reduced by
a factor of two for the same pumping capacity.

Reducing the operating fluid pressure by a factor of
two has the advantage of reducing the strength require-
ments of the entire structure of the pumping system,
while reducing the engine areas by a factor of two with
the same operating fluid pressure has the advantage of a
reduction in pump size without any reduction in pump-
ing capacity. Such a reduction in pump size is, as here-
inbefore pointed out, occasionally of great economic
advantage, since it permits the use of a smaller pump
tubing, a smaller well casing and a smaller well bore,
thereby reducing tubing, casing and drilling costs.

On the other hand, if maximum operating fluid pres-
sure and maximum pump size are utilized with the triplex
pump 110 of the invention, very large increases in pump-
ing capacity, as compared to conventional pumps, may
be realized. For example, a triplex pump 119 of the
invention operating at the same .pressure as and of the
same over-all diameter as a comparable prior art pump
will have a pumping capacity of nearly five times the
pumping capacity of the prior art pump.

The triplex pump 110 also has the advantages here-
inbefore ascribed to the duplex pump 19. . For example,
-the axially aligned flow passages 138z, 13856 and 138¢
for the pumped fluid greatly reduce fluid friction. Also,
since two of the pistons 1244, 124b and 124c are always
on their working strokes, while the third is on its return
stroke, or standing at the lower end of its travel, no
standing valve or valves are required, the working valves
142a, 1420 and 142c¢ carried by the respective pistons
- making a standing valve or valves unnecessary. - The
straight axial flow through the pistons 1244, 124b 124c
and the absence of standing valves contribute malterially
to the increased capacity of the pump 110 by mlmmnzmg
resistance to flow of the pumped fluid. -

While the invention has thus far been consxdered as
applied to duplex and triplex pumping, it will be apparent
to those skilled in the art that the invention may very
readily be extended to quadruplex pumping, quintuplex
operation, and so forth. This may be accomplished very
readily by inserting additional pumping devices, similar
to the pumping devices 112a, 1125 and 112¢, between any
two of the pumping devices 1124, 1126 and 112¢. For
example, the triplex pump 11¢ may be converted to a
quadruplex pump by inserting a pumping device similar
to the pumping devices 112q, 112b and 112¢ between
the pumping devicés 1124 and 1125, this additional pump-
ing device being related to the pumping device 1125 in
the same manner as the pumping device 1124 is related to
the pumping device 1125, and being related to the pump-
ing device 112¢ in the same manner as the pumping
device 112b is related to the pumping device 112a. A
quintuplex pump may be produced by inserting two such
pumping devices: in the manner indicated. In any such
multiplex pump, all but one of the pistons would be on
their working strokes at all times. Thus, assuming a
muitiplex pump having n pumping devices, the pumping
load is always carried by n—1 pistons.. Therefore, either
the operating fluid pressure, or the engine areas, may be
reduced by a factor of n—1, or, alternatively, by main-
taining the operating fluid pressure and the engine areas
at maximum values, the pumping capacity may be corre-
spondingly increased. As will be apparent, by increasing
the value of n, the operating fluid pressure, or the engine
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areas, may be. reduced to any extent desired, or the
pumping capacity may be increased as desued

Triplex pump 210

Referring now to Figs. 3 to 8 of the drawings, and
particularly to Figs. 3 and 4 thereof for the time being,
illustrated ‘therein is another triplex pump of the inven-
tion which is designated generally by the numeral 210
and which includes pumping devices 2124, 212b and
212¢. These pumping devices include pump units 214a,
214b and 21dc the operation of which is regulated by a
control means 216 which consists of a single valve unit
common to the three pump. units.

The pump 210 is supplied with operating fluid under
pressure through a supply tubing 218 and spent operating
fluid is returned to the surface through a return tubing
220. Pumped fluid enters the pump 210 through an inlet
240 and is conveyed to the surface through a production
tubing 222.

The pump units 214q, 214b and 214c are substantially
identical to the pump units 114, 114b and 1idc, the
only difference being that control ports to be described
are substituted for the control ports 2002, 2005, 200c,
202q, 282b and 262¢c. Consequently, components of the
pump units 21da, 214b and 214c which are identical to
corresponding components of the pump units 114q, 114b
and 1i4c are identified by reference characters higher
by “100” than the reference characters associated with
the pump units 114q, 114h and 114c. Thus, detailed
descriptions of the pump units 214q, 214b and 214¢ will
be unnecessary.

As in the previous embodunents, the lower surfaces
of the plungers 2264, 226b and 226c are constantly ex-
posed to the operating fluid pressure through a main
passage 244 and branch passages 246a, 246b and 246c.
The upper surfaces of the plungers 2324, 232b and 232¢
are alternately exposed to the exhaust pressure in. the
return tubing 220 and the operating fluid pressure in the
supply tubing 218 through passages 2484, 248b and 248¢
controlled by the valve unit. 216, exposure of the upper
surfaces of the plungers 232a, 2325 and 232¢ to the ex=
haust pressure resulting in the working strokes of the
pistons 224a, 224b and 224c, and exposure of these sur-
faces to the operating fluid pressure resulting in the re—
turn strokes of the pistons.

Considering the valve unit 216 in more detall it is
located alongside the pump units 214a, 214b and
214c and includes a tubular rotary valve 250 rotatable
about an axis paralle] to the axis of the pump units, The
valve 256 is rotatable in axially aligned bores 2524, 2525
and 252c¢ with which the passages 248q, 248 and
248c communicate respectively, the valve being in ﬂuld-
tight engagement with the walls of such bores.

The valve 258 is provided with an axial passage 254
therethrough which communicates at, its upper end -with
the supply tubing 218 so that operating fluid under pres-
sure is always present in such passage. The valve 250 is
provided with radial pressure ports 2564, 256b and 256¢,
as shown-in Figs.-5, 6 and 7, respectively; which are
adapted to register with the passages 248q, 248b and
248c, respectively, to produce the return strokes of the
pistons 224q, 224b and 224c, respectively, by communi-
cating the operating fluid pressure to the upper surfaces

. of the plungers 2324, 232b and 232c, respectively. The

ports 256a, 256b and 256c are spaced apart circumfer-
entially of the valve 250 by 120° so that, as the valve is
rotated through three operating positions in sequence by
actuating means 260 to be described, the pistons 2244,
224b and 224c are caused to execute their return strokes
in sequence with phase angles of 120° between the return
strokes.

The valve 250 is surrounded by an annular space 262
which is divided into two axially spaced parts at the bore
252b, these axially spaced parts being comnected by a
passage 264. The annular space 262 communicates with
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the return tubing 220 through a passage 266, Thus,
spent operating fluid at the exhatst pressure in the re-
turn tubing 220 is always present in both parts of the
annular space 262.

The valve 25¢ is. provided therein with external ex-
haust recesses or ports 2684, 2685 and 268c which com-
municate with the annular space 262 and which are
adapted to communicate with the passages 248a, 248b
and 248c, respectively, as the valve 258 is rotated by the
actuating means 2660, thereby applying the exhaust pres-
sure to the upper surfaces of the plungers 232a, 2325
and 232c to effect the working strokes of the pistons
224a, 224b and 224c. The ports 268a, 268b and 268¢
are spaced apart circumferentially by angles of 120° so
that they produce the working strokes of the pistons 2244,
224b and 224c in sequence with phase angles of 120° be-
tween such working strokes. The ports 2684, 2685 and
268c are located diametrically opposite the ports 256a,
256b and 256c, respectively, and have angular extents in
excess of 120°, as best shown in Figs. 5, 6 and 7. Con-
sequently, whenever one of the ports 2564, 2565 and 256¢
is in register with the corresponding one of the passages
248q, 248b and 248c¢ to produce the return stroke of the
corresponding one of the pistons 224q, 224b and 224c,
two of the exhaust ports 2684, 268b and 268¢ are in reg-
ister with the corresponding pair of the passages 248q,
248b and 248c¢ to produce the working strokes of the cor-
responding pair of the pistons 224a, 224bh and 224c.
Thus, two of the pistons are on their working strokes at
all times, while the third is on its return stroke, or is
standing at the lower end of its travel. The necessary
high return speeds for the pistons 224a, 224b and 224c
are attained in the same manner as hereinbefore de-
scribed in connection with the triplex pump 118. The
leading edges of the exhaust ports 268a, 268b and 268¢
are so positioned circumferentially relative to the pres-
sure ports 256a, 256b and 256¢ that, as the valve 256
rotates from one of its three positions to the next, one of
the exhaust ports 268a, 26856 and 268c¢ registers with the
corresponding one of the passages 248a, 248b and 248¢c
‘before one of the pressure ports 256a, 256b and 256¢
registers with the corresponding one of the passages 248a,
248b and 248c. This starts one of the pistons 224a,
'224b and 224c on its working stroke before another of
the pistons is started on its return stroke, thereby pro-
viding a gradual load transfer to minimize hydraulic
shock. ’

Considering the actuating means 268, it includes a pis-
ton 279 reciprocable axially of the rotary valve 259 in a
cylinder 272, the piston having a stem 274 which makes
a sliding fit in the lower end of the passage 254 through
the valve. The piston 270 and its stem 274 are provided
with an axial passage 276 therethrough which communi-
cates at its upper end with the passage 254 and at its
lower end with. the cylinder 272, there being a restrictor
278 between the ends of the passage 276. The cylinder
272 below the piston 27¢ communicates with a main
passage 280 having branch passages 282a, 282b and 282c¢
respectively communicating with the bores 236a, 236b
and 236c of the pump units 2i4a, 214b and 214c. The
passages 282q, 282b and 282c¢ are adapted to be con-
nected to the cylinders 234q, 2345 and 234c, respectively,
by control ports 284a, 2845 and 284c, respectively, in
the rods 2306a, 230b and 230c, respectively, of the pistons
224a, 224b and 224c, respectively. These control ports
regulate the pressure applied to the lower end of the
piston 270, in a manner which will be described herein-
after. The upper end of the stem 274 is always exposed
to the operating fluid pressure in the passage 254, and an
area of the upper surface of the piston 270 equal to the
difference between the cross sectional area of the piston
and the external cross sectional area of the stem 274 is
constantly exposed to the exhaust pressure through a
passage 286 in the valve 250, the passage 286 communi-
cating with the annular space 262 through the exhaust
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port 268c.. Thus, as will be discussed in more detail
hereinafter, the. piston 270. is a differential area device,
which is caused to move upwardly when the operating,
fluid pressure is applied to. the lower end thereof through
the passage 276, and which is caused to move down-
wardly when the exhaust pressure is applied to. the lower
end of the piston through the passage 289, the downward
movement of the piston under such conditions being the
result of the constant application of operating fluid pres-
sure to the upper end of the stem 274.

As best shown in Fig. 8, the piston 270 is provided
with an upwardly extending annular flange or skirt 283
provided externally with helical ribs or splines 290 and
internally with straight ribs or splines 292. The valve
250 is provided with straight external splines 294 which
key the valve to the piston 270 for simultaneous rotation
while permitting reciprocation of the piston relative to
the valve. The external helical splines 290 on the skirt
288 engage internal helical splines 296 on a ratchet mem-
ber 298 having three teeth 300 spaced 120° apart and
engageable by a spring biased pawl 302 carried by the
body, 304, of the valve unit 216. The teeth 300 are so
oriented that the pawl 302 permits counterclockwise rota-
tion of the ratchet member 298 as viewed from above,
but prevents clockwise rotation thereof. Thus, when the
piston 270 moves upwardly, the helical splines 29¢ and
296 try to rotate the ratchet member 298, but this is pre-
vented by the pawl 302. Therefore, as the piston 270
moves upwardly, it rotates in the counterclockwise direc-
tion and causes the valve 250 to rotate with it due to the
action of the straight splines 292 and 294.

A second ratchet member 306 is carried by the upper
end of the valve 250 and is provided with teeth 308 en-
gageable by a spring biased pawl 310 carried by the valve.
body 304. The ratchet teeth 308 are also spaced 120°
apart and are so oriented that the pawl 310 permits coun-
terclockwise rotation of the valve 250, but prevents clock-
wise rotation thereof. Therefore, when the piston 270
moves upwardly, it causes the valve 250 to rotate counter-
clockwise through an angle of 120°, but when the piston
270 moves downwardly, the valve 250 is held against
rotation and the ratchet member 298 rotates counter-
clockwise instead. As may be concluded from the fore-
going, the angles of the helical splines 290 and 296 and
the stroke of the piston 27¢ are so related that one
stroke of the piston produces 120° of rotation of the
valve 250.
o Operation of pump 210
. As.shown in Fig. 3 of the drawings, the piston 224a is
adjacent the upper end of its travel and is moving down-
wardly through, its return stroke, as designated by the
arrow 3124, the return stroke resulting from the fact
that the valve 250 is in a position to connect the pressure
port 256a to the passage 248a to apply operating fluid
pressure to.the upper surface of the plunger 2324. At
the same time, the pistons 224b and 224c¢ are moving up-

‘wardly. through their working strokes, as indicated by the

arrows 3126 and 312¢, this being due to the fact that
the exhaust ports 26856 and 268¢ are in communication
with the passages 248b and 248c¢ to apply exhaust pres-
sure to the upper surfaces of the plungers 232b and
232¢. The piston 224 is leading the piston 224c by
120° due to the fact that the exhaust port 2685 was in
communication with the passage 248b in the angular
position of the valve 250 preceding that shown in Fig. 3
of the drawings, whereas the port 268c was not in com-

‘munication with the passage 248¢ in the preceding valve

position. As previously explained, the exhaust ports
268a, 268b and 268c¢ register with the corresponding pas-
sages 248a, 248b and 248c¢ for two angular positions. of
the valve 250 spaced 120° apart due to the fact that these
exhaust ports are more than 120° in angular extent.
Under the foregoing conditions, after the piston 224a
has reached the end of its return stroke and as the piston
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224b reaches the énd of its working stroke, the control
port 284¢ of the piston 224c connects the cylinder 234¢
to the passage 282c. Since exhaust pressure is present in
the  cylinder 234c¢ under these conditions, the exhaust
pressure is applied to the lower end of the piston 270
through the passage 282c and the passage 28¢. When
this occurs, the piston 27¢ moves downwardly, Fig. 4,
rapidly at a rate determined by the sizes of the passages
connecting the cylinder 272 to the return tubing 220 and
the difference between the operating fluid and exhaust
pressures. As the piston 270 moves downwardly, it
rotates the ratchet member 298 through an angle of 120°
and the pawl 382 engages the next ratchet tooth 30¢ car-
ried by this ratchet member. As this occurs, the piston
224c¢ continues to move upwardly through its working
stroke to cause the control port 284c¢ to cut off communi-
cation between the cylinder 234c and the passage 282c¢.
Consequently, the cylinder 272 below the piston 270 is
cut off from iis source of exhaust pressure and, when this
occurs, the pressure in the cylinder 272 below the piston
270 builds up to the operating fluid pressure as operating
fluid flows through the restrictor 278, this restrictor
being sufficiently small to prevent any pressure buildup
during the preceding application of exhaust pressure to
the lower end of the piston. The operating fluid pres-
sure now applied to the lower end of the piston 270
through the restrictor 278 causes the piston 270 to move
upwardly again and, since the ratchet member 298 is now
prevented from rotating by the pawl 302, the valve 250
rotates in the counterclockwise direction, having previous-
1y been prevented from rotating in the clockwise direc-
tion during downward movement of the piston 27¢ by the
pawl 316 and ratchet member 386.

As previously explained, the foregoing downward and
upward movement of the piston 270 rotates the valve 250
through an angle of 120° in the counterclockwise direc-
tion to bring the exhaust port 268z into register with the
‘passage 248g and to bring the pressure. port 256b into
register with the passage 248b. The initiates the working
stroke of the piston 224e, and initiates the return stroke
of the piston 2245, the piston 224c¢ meanwhile continuing
on its working strcke. Thus, two of the :pistons are
always on their working strokes, while the third is on its
return stroke, or is standing at the lower end of its travel.

When the control ports 284a and 284b connect the
cylinders 234 and 234b to the passages 282a and 2825,
the valve 250 is rotated through angles of 120° in the
same manner as hereinbefore described in connection
with bridging of the cylinder 234c and the passage 282c¢
by the control port 284c. Thus, whenever one of the
control ports 2844, 2845 and 284c bridges the correspond-
ing one of the cylinders 234a, 2345 and 234c and the cor-
responding of the passages 282q, 282b and 282c, the
actuating means 260 is energized to advance the valve
250 through 120° to start one of the pistons 224a, 224b
and 224¢ on its working stroke and to start another
thereof on its return stroke.

It will be noted that when the pistons 224a, 224b and
224c move downwardly, the conirol ports 284a, 284b
and 284c respectively bridge the cylinder 2344 and the
passage 282q, the cylinder 234p and the passage 2825,
and the cylinder 234c and the passage 282c. However,
when the pistons are moving downwardly, the cylinders
234qa, 234b and 234c are open to the supply tubing 218
for the reasons hereinbefore described so that they con-
tain fluid at the operating fluid pressure. Since the op-
erating fluid pressure is normally applied to the lower
~ end of the piston 270 through the restrictor 278 to hold
it in its upper position, such application of operating
fluid pressure by the control ports 2844, 284b and 284c¢
during the return strokes of the pistons 224a, 224b and
22dc has no effect. Thus, the control ports cause ro-
tation of the valve 25@ during the working strokes of the
pistons only. ' . .
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While it is thought that the operation of the triplex
pump 219 will be clear from the foregoing, Fig. 4 of the
drawings shows more clearly the action of one of the
confrol ports, viz., the control port 284b, in moving the
piston 270 downwardly. In Fig. 4, the pistons 224 and
224b are moving upwardly, as indicated by the arrows
314a and 314b, while the piston 224c is moving down-
wardly through its return stroke, as indicated by the ar-
row- 314c. The piston 224b is in a position to cause
the control port 284b to bridge the cylinder 234b and
the passage 282b, whereby to apply exhaust pressure to
the lower end of the piston 270 through the passage 280
to produce movement of the piston downwardly into its
lower position, as shown. As soon as the piston 224b
moves upwardly to cut off communication between the
cylinder 2345 and the control port 284b, the piston 270
will move upwardly due to pressure built up therebeneath
through the restrictor 278.

The iriplex pump 216 has all of the advantages of the
triplex pump 119 so that a detailed discussion thereof is
unnecessary, it being sufficient to point out that the pump
210 may readily be converted to a duplex pump, or to
a quadruplex or quintuplex pump, or the like. For ex-
ample, the triplex pump 216 may be converted to a
quadruplex pump readily by adding another pump unit
identical to the pump units 214a, 2145 and 214c and by
modifying the structure of the actuating means 269 and
the porting of the valve 25¢ to provide for four operat-
ing positions of the valve spaced apart angularly by 90°.
Conversion to duplex pumping, quintuplex pumping, or
the like, may be effected in similar fashion.

Another important feature of the invention common
to- the embodiments hereinbefore disclosed is that such
embodiments - may be assembled from parts presently

available, such as the parts disclosed in my aforemen-
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tioned copending application Serial No. 598,785, irre-
spective of whether the resulting pump is a duplex pump,
a triplex pump, a quadruplex pump, a quintuplex pump,
or the like. This interchangeability tends to lower costs
appreciably since a few basic components may be uti-
lized for a wide variety of pumps.

Although various exemplary embodiments of the pres-
ent invention have been disclosed herein for purposes of
illustration, it will be understood that numerous changes,
modifications and substitutions may be incorporated in
such embodiments without departing from. the spirit of
the invention as defined by the following claims.

I claim: :

1. In a fluid operated multiplex weil pump, the com-
bination of: at least two axially aligned fluid operated
pump units connected in tandem and each adapted to
sustain a pumping load; and control means located along-

side and spaced from said pump units and operable by

said pump units for applying the pumping load to said
pump umnits seriatim, said control means including means
for removing the pumping load from each of said pump
units after the pumping load has been applied to another
of said pump units.

2. In a fluid operated multiplex well pump, the com-
bination of: two or more axially aligned fluid operated
pump units connected in tandem and each having a fluid
operated engine means and a pump means connected to
and actuable by said engine means; and fluid operated
control means actuable by said pump units for operat-
ing said engine means of said pump units in timed rela-
tion, said control means including axially aligned fluid
operated valve units corresponding in number to the
number of said pump units and respectively controlling
said engine means of said pump units, said axially aligned
valve units being connected in tandem and being lo-
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cated alongside and spaced from said axially aligned
pump. units.

3. In a fluid operated multiplex well pump, the com-
bination of: two or more axially aligned fluid. operated
pump units connected in tandem and each having a fluid
operated engine means and a pump means connected to
and actuable by said engine means; and fluid operated
control means actuable by said pump units for operating
said engine means of said pump units in timed relation,
said control means including a single, rotary, flnid oper-
ated valve unit controlling said engine means of all of
said pump units and located alongside and spaced from
said axially aligned pump units.

4. In a fluid operated multiplex pump, the combination
of: two or more fluid operated pump units each having
a fluid operated engine means and a pump means con-
nected to and actuable by said engine means; and fluid
operated control means actuable by said pump units for
operating said engine means of said pump units in timed
relation, said control means including a single valve unit
controlling said engine means of all of said pump units,
said valve unit including a rotary valve and including

fluid operated means actuable by said pump units for

rotating said valve,

5. In a fluid operated multiplex pump, the combina-
tion of: two or more fluid operated pump units each hav-
ing a double acting fluid operated engine means and a
single acting pump means connected to and actuable by
said engine means; fluid operated control means actua-
ble by said pump units for operating said engine means
of said pump units in timed relation; means connecting
said engine means of said pump units in parallel; and
means connecting said pump means of said pump units in
series.

6. In a fluid operated multiplex well pump, the com-
bination of: at least two axially aligned fluid operated
pump units connected in tandem and each having piston
means movable through working and return strokes, each
of said piston means having therethrough an axial pas-
sage, said axial passages being connected in series; a sin-
gle working valve in each of said passages; and fluid
operated control means connected in fluid communi-
cation with said pump units and controlled by said pis-
ton means thereof for initiating the working stroke of
one of said piston means as another of said piston means
approaches the end of its working stroke.

7. In a fluid operated multiplex pump, the combination
of: at least two fluid operated pump units each having
working and return strokes; and valve units equal in
number to the number of pump units and respectively
controlling said pump units, each of said pump units

having means for operating a valve unit other than the

valve unit by which it is controlled, and each of said
valve units having means for operating another of said
valve units.

8. In a fluid operated multiplex pump, the combina- ¢

tion of: at least two fluid operated pump units each hav-
ing piston means movable through working and return
strokes and each having a passage therethrough for
pumped fluid, said passages being in series; working valves
in said passages, respectively, and preventing flow there-
through in one direction; and finid operated control means
connected in fluid communication with said pump units
and controlled by said piston means thereof for main-
taining at least one of said piston means on its working
stroke at all times.

9. In a fluid operated muitiplex well pump, the com-~
bination of: at least two axially aligned fluid operated
pump units connected in tandem and each having piston
means movable through working and return strokes, each
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of said piston means having an axial passage. therethrough
for pumped fluid, said passages being in series; working
valves carried by said piston means, respectively, and
preventing flow through said passages, respectively, in
one direction; and fluid operated control means connected
in fluid communication with said pump. units and con-
trolled by said piston means thereof for maintaining at
least one of said piston means on its working stroke at
all times.

10. In a fluid operated multiplex well pump, the com-
bination of: at least two axially aligned fluid operated
pump units connected in tandem and each having piston
means movable through working and return strokes, each
of said piston means having an axial passage therethrough
for pumped fluid, said passages being in series; working
valves carried by said piston means, respectively, and
preventing flow through said passages, respectively, in
one direction; and fluid operated control means located
alongside and spaced from said pump units and actuable
by said piston means of said pump units for maintaining
at least one of said piston means on its working stroke
at all times.

11. In a fluid operated multiplex well pump, the com-
bination of: at least two axially aligned fluid operated
pump units connected in tandem and each including fluid
operated double acting engine means and single acting
pump means connected to and operable by said engine
means; means connecting said engine means of said pump
units in parallel; and means connecting said pump means
of said pump units in series.

12. In a fluid operated triplex well pump, the com-
bination of: three axially aligned fluid operated pump
units connected in tandem and each including fluid op-
erated double acting engine means and single acting pump
means connected to and operable by said engine means;
means connecting said engine means of said pump units
in parallel; means connecting said pump means of said
pump units in series; and fluid operated control means
actuable by said pump units for operating said engine
means of said pump units in timed, overlapping relation.

13. In a fluid operated triplex well pump, the combina-
tion of: three axially aligned fluid operated pump units
connected in tandem and each including fluid operated
engine means and pump means connected to and operable
by said engine means; means connecting said engine
means of said pump units in parallel; means connecting
said pump means of said pump units in series; and fluid
operated control means actuable by said pump units for
operating said engine means of said pump units in timed,
overlapping relation, said control means including a sin-
gle valve unit located alongside and spaced from said
pump units and controlling said engine means of all of
said pump units.

14. In a fluid operated multiplex pump, the combina-
tion of: at least two fluid operated pump units each hav-
ing working and return strokes; and valve units equal in
number to the number of pump units and respectively
controlling said pump units, each of said valve units in-
cluding a reciprocable valve, each of said pump units
having means for moving the valve of the valve unit by
which it is controlled in one direction and for moving
the valve of a valve unit other than the valve unit by
which it is controlled in the opposite direction.

15. In a fluid operated multiplex pump, the combina-
tion of: at least two fluid operated pump units each
having working and return strokes; and valve units equal
in number to the number of pump units and respectively
controlling said pump units, each of said valve units in-
cluding a reciprocable valve, each of said pump units
having means for moving in one direction the valve of a
valve unit other than the valve unit by which it is con-
trolled, and each of said valve units having means for

.moving in the opposite direction the valve of another of

said. valve units.

(References on following page).
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