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ROTARY, FLUID OPERATED, AXIAL
o PLUNGER PUMP
Clarence J. Coberly, San Marino, Calif,, assignor to

Kobe, Inc., Huntington Park, Calif., a corporation of
California .
Continuation-in-part of application Ser. No. 485,345,
Sept. 7, 1965. This application May 25, 1967, Ser.

No. 641,359

17 Claims. (ClL. 103—49)

“ABSTRACT OF THE DISCLOSURE

A rotary, fluid operated, axial plunger pump including
a housing containing a rotor on a spindle, circumferen-

tially spaced, axial engine and pump cylinders in the re-.

spective ends of the rotor, interconnected engine and pump
pistons in the respective engine and pump. cylinders, en-
gine valves responsive to rotation of the rotor for sequen-
tially connecting the engine cylinders to an operating fluid
intake and exhaust alternately, pump valves responsive to
rotation of the rotor for sequentially connecting the pump
cylinders to a pumped fluid inlet and outlet alternately,
a cam on the spindle intermediate the ends of the rotor,
and cam followers connected to the respective engine and
pump piston assemblies and engaging the cam for rotat-
ing the rotor on the spindle in response to reciprocatory
movement of the engine and pump piston assemblies. A
sectional rotor construction comprising an engine end sec-
tion carrying the engine pistons, a pump end secticn carry-
ing the pump pistons and a central section guiding the
cam followers and transmitting rotation to the end sec-
tions.

CROSS-REFERENCE TO RELATED APPLICATION

Ser. No. 485,345, filed by me on Sept. 7, 1965, now
Patent No. 3,322,069, granted May 30, 1967, this appli-
cation being a continuation-in-part.

BACKGROUND OF THE INVENTION
Field of the invention

The present invention relates in general to a rotary,
fluid operated, axial plunger pump comprising: a housing
provided therein with a rotor chamber and having an
intake and an exhaust for operating fluid and an inlet and
an outlet for fluid being pumped; a spindle carried by the
housing within and extending axially of the rotor cham-
ber; a rotor in the rotor chamber and rotatably mounted
on the spindle; the rotor being provided in one end thereof
with " circumferentially spaced, axially extending engine
cylinders; the rotor being provided in the other end thereof
with circumferentially spaced, axially extending pump
cylinders respectively aligned with the engine cylinders;
engine and pump pistons respectively reciprocable in the
engine and pump cylinders; piston connecting means re-
spectively interconnecting the engine pistons and the pump
pistons; cam means on the piston connecting means and
the spindle and responsive to reciprocatory movement of
the interconnected engine and pump pistons for rotating
the rotor about the axis of the rotor chamber; engine
valve means responsive to rotation of the rotor for sequen-
tially connecting the engine cylinders to the intake and
the exhaust alternately; and pump valve means responsive
to rotation of the rotor for sequentially connecting the
pump’ cylinders to the inlet and the outlet alternately.

A rotary pump of the foregoing general nature may be
used in various environments for a variety of purposes.
For example; it may be used in a well, particularly an oil
well, as a bottom hole pump to pump well fluid to the
surface, the operating fluid and the pumped fluid being
different. As another example, it may be used as a surface
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pump powered by one fluid to pump the same or another
fluid. As a further example, it may be utilized as a fluid-
pressure transformer, either step-up or step-down, the
operating and pump fluids ordinarily being the same. Still
other uses may occur to those skilled in the art.

Description of the prior art

A rotary, axial plunger, fluid operated pump of the
foregoing general type is disclosed in the following patent:
H. E. Rose, 2,935,952, May 10, 1960. Other patents of
interest are: C. R, Pratt, 1,019,521, Mar. 5, 1912; C. J.
Coberly, 2,625,109, Jan. 13, 1953. :

My aforementioned copending application, of which this
application is a continuation-in-part, claims an improved
rotary, axial plunger, fluid operated pump of the general
nature outlined.

SUMMARY AND OBJECTS OF THE INVENTION

Generally speaking, the present invention contemplates
a rotary, fluid operated, axial plunger pump of the general
nature hereinbefore outlined which is axially short yet has
a high capacity, which because of its multiple engine and
pump pistons minimizes hydraulic shock in both the oper-
ating fluid and the pumped fluid, which achieves a high
capacity because of its use of engine and pump pistons in
axially spaced relation to achieve engine and pump areas
of maximum size, which further achieves a high capacity
through the utilization of large-area intake, exhaust, inlet
and outlet ports formed in the end walls of the rotor and
the rotor chamber, which utilizes engine and pump piston
assemblies that are differential double acting to further re-
duce pressure pulsations, which utilizes the operating fluid
under pressure to displace the engine pistons in both direc-
tion in the engine cylinders so that there is no load on the
cam means other than that required to rotate the rotor
to operate the engine and pump valve means, which uti-
lizes a double acting cam means so that the motions of
the engine and pump pistons can be constrained to any
desired pattern, which balances the hydraulic forces on
the rotor so as to give the desired contact pressures be-
tween the end walls of the rotor and the rotor chamber,
and the like.

A primary object of the invention is to provide a rotary,
fluid operated, axial plunger pump of the foregoing nature
wherein the rotor is of sectional construction and includes
an engine end section containing the engine cylinders and
pistons, a pump end section containing the pump cylin-
ders and pistons, and a central section containing and
guiding cam followers connected to the respective engine
and pump piston assembles and extending radially in-
wardly into engagement with a double acting cam carried
by the spindle, such cam preferably being a peripheral
groove in the spindle.

Another object is to provide two disengageable means
respectively coupling the end sections of the rotor to the
central section thereof in torque transmitting relation.
With this construction, as the engine and piston assem-
blies are reciprocated by the operating fluid under pres-
sure, the cam followers cooperate with the cam groove
in the spindle to rotate the central section of the rotor
about the axis of the spindle, and the central section
drives the end sections of the rotor. Thus, the engine
and pump piston assemblies are not required to drive any
portion of the rotor so that there is no tendency to cause
the engine and pump pistons to bind in their cylinders,
which is an important feature.

Another object in connection with the foregoing is to
provide disengageable coupling means between the cen-
tral and end sections of the rotor which comprise in-
terengageable clutch jaws on adjacent end walls of the
rotor sections.

A further object is to provide means for biasing the
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engine and pump end sections of the rotor axially away
from the central section thereof and into engagement with
the correspondmg end walls of the rotor chamber, there-
by insuring sealing contact between the rotor end walls
and the rotor chamber end walls, which end walls form
the engine valve means and the pump valve means.

- Still another object is to provide a construction where-
in the end walls of the rotor are formed by separate engine
and pump valve plates, the engine and pump end sec-
tions of the rotor carrying circumferentially Spaced axial-
ly extending bolts respectively connecting the engine and
pump valve plates thereto.

An additional object is to provide a construction where-
in the housing of the pump includes a cylindrical barrel
containing the rotor and includes heads secured to and
closing the ends of the barrel and defining the end walls
of the rotor chamber, the spindle being mounted on the
two heads.

Another and important object of the invention is to
provide a rotary, fluid operated, axial plunger pump
wherein each of the piston connecting means respectively
interconnecting the engine and pump pistons includes a
coupling carrying the corresponding cam follower. A re-
lated object is to provide a construction wherein each
of the piston comnecting means includes piston rods ex-
tending axially from the corresponding engine and pump
pistons toward and threadedly connected to the corre-
sponding coupling.

A further object of the invention is to provide a pump
of the foregoing nature wherein the couplings are sub-
stantially cylindrical and wherein the central rotor sec-
tion is provided with circumferentially spaced bores hav-
ing axes paralleling the axis of the rotor and slidably
receiving the respective couplings therein.

Yet another object is to provide a construction where-
in the cam followers are carried by cam-follower mount-
ing elements detachably connected to the respective cou-
plings. A related object is to provide a construction where-
in the couplings are provided with slots therethrough which
are oriented radially relative to the axis of the rotor
chamber, the cam-follower mounting elements being dis-
posed in the respective slots and secured to the corre-
sponding couplings.

A further object is to provide the central rotor section
with guides paralleling the axis of the rotor chamber and
slidably or rollably engaged by portions of the cam-
follower mounting elements.

Still another important object of the invention is to
provide a rotary, fluid operated, axial plunger pump of
the foregoing nature wherein the operating fluid under
pressure is supplied to both the operating fluid intake and
the pumped fluid inlet, whereby the pumped fluid dis-
charged by the outlet is at a pressure higher than the
pressure of the operating fluid. With this construction,
the pump of the invention operates as a step-up pressure
transformer.

The foregoing objects, advantages, features and results
of the present invention, together with various other ob-
jects, advantages, features and results thereof which will
be evident to those skilled in the art to which the inven-
tion relates, may be achieved with the exemplary em-
bodiments of the invention illustrated in the accompany-
ing drawings and described in detail hereinafter.

DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a diagrammatic, cutaway, isometric view il-
lustrating a rotor of a rotary, fluid operated, axial plunger
pump of the general type to which the invention relates;

FIG. 2a illustrates diagrammatically a single engine
and pump piston assembly of the rotary pump of the in-
vention as embodied in a surface pump operable by one
fluid to pump another fluid with a discharge pressure equal
to the pressure of the operating fluid;

FIG. 2b is a view similar to FIG. 24, but illustrating
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4
an embodunent capable of producmg a pumped ﬂu1d dlS-
charge pressure -higher than the operating fluid-pressure;

FIGS. 3a and 3b are respectively similar to FIGS. 2a
and 2b, but illustrate embodiments of the invention for
use in a bottom-hole well pump;

FIGS. 4a and 4b are views respectively similar to FIGS.
2a and 2b, but illustrating embodiments of the invention
usable as step-up pressure transformers,

FIG. 5 is a longitudinal’ sectional view, taken -as in-
dicated by the arrowed line 5—5 of FIG. 11, of a surface
pump which embodies the invéntion;

FIG. 6 is another longltudmal sectlonal view of the
pump of FIG. 5 which is taken as indicated by the ir-
regular arrowed line 6—6 of FIG. 10;

FIG. 7 is a fragmentary devéloped view illustrating a
cam groove formed in a spindle of the pump of FIGS.
5 and 6;

FIGS 8 and 9 are enlarged eransverse sectional views
respectively taken as indicated by the arrowed lines 8—38
and 9—9 of FIG. 5;

FIGS. 10 and 11 are enlarged transverse sectional views
respectively taken as indicated by the arrowed lines
10—10 and 11—11 of FIGS. 6 and 5, respectively;

FIG. 12 is an enlarged, fragmentary, longitudinal sec-
tional view taken as indicated by the arrowed line 12—12
of FIG. 5;

FIG. 13 is a fragmentary longitudinal sectional view
taken as indicated by the arrowed line 13—13 of FIG. 8;

FIG. 14 is an enlarged, fragmentary longitudinal sec-
tional view duplicating a portion of FIG. 6 on an enlarged
scale;

FIG. 15 is a view, partially in longitudinal section and
partially in elevation, of a bottom hole well pump which
embodies the invention; and

FIGS. 16 and 17 are enlarged, transverse sectional views
respectively taken as indicated by the arrowed lines 16—
16 and 17—17 of FIG. 15.

DESCRIPTION OF THE INVENTION
General description

Fragmentarily illustrated in FIG. 1 of the drawings in
a semidiagrammatic manner is a rotary, fluid operated,
axial plunger pump which embodies the general principles
of the invention. (For reference, this semidiagrammatic
representation is designated by the numberal 20.) The
purpose of FIG. 1 is not to depict the invention in all its
detail, but merely to provide a general understanding
thereof. A detailed description of the invention will ap-
pear hereinafter in connection with the other figures of
the drawings.

The principle-illustrating pump 20 of FIG. 1 includes
a housing 22 provided therein with a cylindrical rotor
chamber 24. Formed in the housing 22 at one end of the
rotor chamber 24 are an intake 26 and an exhaust 28 for
the fluid used to operate the pump 20. Similarly, the hous-
ing 22 is provided at the other end of the rotor chamber
24 with an inlet 30 and an outlet 32 for the fluid being
pumped, which fluid may be the same as or different from
the operating fluid.

The housing 22 is diagrammatically illustrated in FIG.
1 of the drawings as including a cylindrical barrel 34
which defines the peripheral wall of the rotor chamber 24,
and engine and pump heads 36 and 38 which are suitably
connected to the ends of the barrel and define the end
walls of the rotor chamber. The intake and exhaust 26
and 28 for the operating fluid are formed in the engine
head 36, while the inlet and outlet 30 and 32 for the
pumped fluid are formed in the pump head 38.

Carried by the engine and pump heads 36 and 38 and
extending axially of the rotor chamber 24 is a spindle 40
on which a sectional rotor 42 is rotatably mounted. The
rotor 42 includes an engine end section or engine section
44, 2 pump end section or pump section 46 and an inter-
mediate or central section 48. The engine and pump scc-
tions 44 and 46 are disengageably coupled to the central
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section 48 by torque transmitting connections which will
be’ described hereinafter: With this construction, rotation
of the central section 48 is transmitted to the engine and
pump sections 44 and 46.

The ‘engine section 44 of the rotor 42 is pr0v1ded there-
it with circumferentially spaced engine cylinders 50 hav-
ing axes paralleling the axis of the spindle 40 and the
rotor 42. Similarly, the pump section 46 is provided there-
in with circumferentially spaced pump cylinders 52 re-
spectively aligned with the engme c¢ylinders 50. Respec-
tively retiprocable ‘in the engine cylinders 50 and the
pump cylinders 52 are engine pistons 54 and pump pis-
to'ns 56.

" The respective engine pistons 54 and. pump pistons 56
are-interconnected by piston connecting means 58° which
extend through the central rotor section 48. More partic:
vlarly, each piston connecting means 58 includes engine
and pump piston rods 60 and 62 respectively extending
axially from the"corresponding engine and pumppistons
54 and 56. The ends of the engine and pump piston‘rods
60 and 62 of the respective piston connecting means 58
are threadedly or otherwise connected to" substantially
cylindrical couplings 64 reciprocable in guidé bores 66 in
the central rotor section 48. These guide bores are aligned
with the respective engine and pump cylinders 50 and 52.

The pump 20 includes cam means 68 on-the couplings

64 and the spindle ‘40, and responsive to reciprocatory
movement of the interconnected engine and pump pistons
54 and 56, for rotating the central section 48 of the rotor
42 about the axis of the rotor chamber 24, which axis
coincides with the axes of the spindle 40 and the rotor
42. The aforementioned disengageable coupling means be-
tween the central rotor section 48 and the end rotor sec-
tions 44 and 46 result in transmission of rotation of the
central section to the end sections. Consequently, the
engine and pump pistons 54 and 56 are not themselves
required to drive any portion of the rotor 42 so that there
is no tendency to -cause these pistons to bind in their
cylinders, which is an important feature.
" The cam means 68 comprises a cam 70 on the spindle
40 and cam followers 72 respectively carried by the cou-
plings 64 and -extending radially inwardly into engage-
ment wiih the cam. The cam 70 is preferably a peripheral
groove in the spindle 40 into which the cam followers 72
extend.

The pump 20 further includes an engine valve means
74 responsive to rotation of the rotor 42 for sequentially
connecting the engine cylinders 50 to the intake 26 and
the exhaust 28 alternately, and includes a pump valve
means 76, also responsive to rotation of the rotor 42; for
sequentially connecting the pump cylinders 52 to the inlet
30 and the outlet 32 alternately. The engine valve means
is formed by the engine end walls 78 and 80 of the rotor
chamber 24 and the rotor 42, respectively, while the
pump valve means 76 is formed by the pump end walls
82 and 84 of the rotor chamber 24 and the rotor 42, re-
spectively.

"Considering the general operation of the pump 20, it
will be apparent that as the operating fluid under pres-
sure in the intake 26 is admitted into successive éngine
cylinders 50, the corresponding engine pistons 54 are dis-
placed toward the central section 48 of the rotor 42. At
the same time, the corresponding pump pistons 56 are dis-
placed toward the pump head 38 to discharge pumped
fluid from the corresponding pump cylinders 52 into the
outlet 32. At the same time, successive engine and pump
cylinders 50 and 52 on the opposite side of the rotor 42
communicate with- the exhaust 28 and the inlet 30 as the
corresponding engine and pump pistons 54 and 56 move
in the opposite direction. Thus, spent operating fluid is dis-
charged into the exhaust 28 and fluid to be pumped is
drawn-into the corresponding pump cylinders 52 from the
inlet 30. The intake of operating fluid into the engine
cylinders 50 on one side of the rotor 42 and the exhaust
of spent operating fluid from the engine cylinders on the
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opposite side thereof are indicated by the intake and ex.
haust arrows 86 and 88, respectively. Similarly, the. inflow
of pumped fluid into the pump cylinders 52 on one side
of the rotor 42 and the discharge of pumped fluid from
the pump cylinders on the opposite side of the rotor are
indicated by the inlet and outlet arrows 90 and 92, re-.
spectively.

As will be apparent, the cam means 68 converts the
foregoing axial motions of the engine and pump pistons
54 and 56.into rotary motion of the central .rotor section
48, the latter driving the end rotor sections 44 and 46.
Such rotation of the engine section 44 causgs the engine
valve means 74 to sequentially connect the engine cylin-
ders 50 to the intake 26 and the exhaust 28 alternately.
Similarly, rotation .of the pump section 46 of the rotor.
42 -causes the pump valve means 76 to sequentially con-
nect the pump cylinders 52 to the inlet 30 and the out-
let 32 alternately. . .

Dzag)ammatzc embodiments of FIGS. 2a, 2b, 3a, 3b,; 4a
and 4b, generally

- The basic principles of the-rotary, fluid operated,. axial
plunger pump of the invention can be incorporated in a
variety of embodiments for use in different environments
and for different purposes. FIGS. 2a, 2b, 3a, 3b, 4a,
and 4b respectively illustrate six such embodiments. Each
of the ﬁgures mentioned shows, diagrammatically, one
of the engine cylmders 50 and one of the pump cylinders
52 incorporated in the rotor 42, it being understood that
the other sets are identical. The engine and pump pistons
54 and 56 reciprocable in the respective engine.and pump
cylinders 50 and 52 are, for convemence, shown simply
as having their respective engine and pump piston rods
60 and 62 integrally interocnnected. The engine and pump
piston rods 60 and 62 are shown as extending through
annular seals 94 and 96, respectively. The intake 26 and
the exhaust 28 for the operating fluid and the inlet 30
and the outlet 32 for the pumped fluid are shown simply
as lines connected to the outer ends of the respective
engme and pump cylinders 50 and 52. Each of the pres-
sures in the intake 26, the exhaust 28, the inlet 30 and
the outlet 32 is identified by the letter P plus a subscript
the significance of which will be discussed hereinafter.
The same is true of the pressures applied to the annular
inner ends of the engine and pump pistons 54. and 56.

The various embodiments of FIGS. 2a, 2b, 3a, 3b,
4a and 4b differ in the pressures in the intakes 26, ex-
hausts 28, inlets 30 and outlets 32 and/or in the pressures
applied to the annular inner ends of the engine and pump
pistons 54 and 56 and/or in-the relative diameters of
the engine and pump pistons 54 and 56 and the engine
and pump piston rods 60 and 62. In those embodiments
where the cross sectional areas of the engine and pump
pistons 54 and 56 are the same, both are designated by
the letter A. Where the areas are different, the engine-
piston areas are designated A; and the pump piston areas
Ay, the area A; being less than, and preferably one-half
of, the area A;. The areas of the engine and pump piston
rods 60 and 62 are preferably one-half the areas of the
corresponding’ engine and pump pistons 54 and 56. In
the figures under consideration, the area of each piston
rod 60 or 62 is thus indicated as being one-half of the
area of the corresponding piston 54 or 56.

FIGS. 2a and 2b respectively disclose pumps intended
for surface use and each intended to be operated by one
fluid to pump the same or another fiuid. FIGS. 3a and
3b respectively illustrate bottom hole pumps each actua-
ble by a suitable operating fivid to pump well fluid. FIGS.
4a and 4b respectively illustrate step-up transformers
each actuable by an operating fluid under pressure to dis-
charge the same fluid at a higher pressure. The surface
pumps of FIGS. 2a and 2b, the bottom hole pumps of
FIGS. 3a and 3b, and the step-up transformers of FIGS.
4a and 4b will now be discussed in more detail under
corresponding headings.
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Surface pumps of FIGS. 2a and 2b

In both FIGS. 2a and 2b, the engine end of the pump
is operated by the differential between an intake pressure
P, and an exhaust pressure Pg, while the pump end of
the device elevates the pressure of the same or a differ-
ent fluid from an inlet pressure P, to an outlet pressure
P,. P, may, for example, be atmospheric pressure, or any
other desired reference pressure. In the embodiment of
FIG. 2a, the pump outlet pressure P; is the same as the
engirie intake pressure P;, whereas, in the embodiment
of FIG. 2b, the pump outlet pressure Py is higher than
the engine intake pressure Py because of the differential
area between the engine and pump pistons 54 and 56.

In both of the embodiments of FIGS. 2a and 2, the
fluid pressure acting on each transverse surface of the
piston assembly is designated by the letter P and the
corresponding subscript. Thus, in both FIGS. 2a and 20,
the intake pressure P; and the outlet pressure” Py con-
stantly act on the inner end of the engine piston 54 and
the inner end of the pump piston 56, respectively. In
addition, in FIG. 2b, the inlet-exhaust pressure P, con-
stantly acts on the differential area between the engine
and pump piston rods 60 and 62. In each embodiment,
reciprocatory movement of the piston assembly is pro-
duced by alternately applying the intake pressure P; and
the exhaust P, to the outer end of the engine piston 54,
the respectively corresponding pressures acting on the
outer end of the pump piston 56 being the outlet pressure
P, and the inlet pressure Py. T he piston assembly in each
instance moves to the right, as viewed in FIGS. 2a and
2b, when the intake pressure P, is applied to the outer
end of the engine piston 54. When the exhaust pressure
P, is applied thereto, the intake pressure P cqnstantly
acting on the annular inner end of the engine piston Sfl
causes the piston assembly to move to the left. Thus, it
will be apparent that the piston assembly is powered in
both directions. This is important because the cam means
68 is required omly to rotate the rotor 42, and is not
required to produce any piston-assembly movement 1n
either direction. Thus, the load on the cam means 68 is
minimized, which is an important feature.

1t should also be pointed .out in connection with both
FIGS. 2z and 2b that the pumping devices illustrated
are differential double acting. This is important because
it minimizes pressure pulsations.

" Bottom hole pumps of FIGS. 3a and 3b

The bottom hole pumps of these figures are respec-
tively generally similar to the surface pumps of FIGS.
24 and 2b. The pressures acting on the various trans-
verse surfaces are all indicated in FIGS. 3a and 3b so
that detailed discussions will not be necessary, except to
point out that the exhaust pressures Py acting on the
engine pistons 54 and the outlet pressures Py acting on
the pump pistons 56 are all column pressures cOITe-
sponding to the heads of fluid above the pumps in the
wells in which they are installed. It will be noted that
both embodiments are differential double acting and ‘,that
that piston assemblies are both powered in both dll‘.CC-
tions to minimize the loads on the cam means for rotating
the corresponding rotors.

Step-up transformers of FIGS. 4a and 4b

The transformer of FIG. 4a corresponds to the surface
pump and the bottom hole pump of FIGS. 2a and 3a,
respectively, while the transformer of FIG. 4b corresponds
to the surface pump and the bottom hole pump of FIGS.
2h and 3b, respectively. The alternating and constant
pressures applied to the various transverse areas of the
piston assemblies are all shown in FIGS. 4a and 4b ar}d
require no detailed discussion, except to point out certain
important differences. .

One important difference is that in both FIGS. 4« apd
4b, the pump inlet pressure is the same as the engine
intake or operating fluid pressure P;. Consequently, the
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pump outlet pressure P, is a stepped-up- pressure higher
than. the engine operating fluid pressure Py. In the case
of the equal-area pistons of FIG. 4a, the pump outlet
pressure P, is twice the engine operating fluid pressure
P;. In FIG. 4b, the pump outlet pressure Py is- even
higher. Thus, these devices act as fluid. pressure ‘trans-
formers which are actuated by an operating fluid under
pressure to. discharge the same fluid-at a pressure higher
than the operating fluid pressure. o

It will -also. be-noted that in both FIGS. 4a and 4b,
the piston: assembly is powered in both directions. More
particularly, each: piston assembly is powered toward the
right as viewed in these figures, by the operating fluid
pressure P; acting on the outer end of the engine piston
54. When the.pressure Py is applied to.the outer end of
the engine: piston 54, the piston assembly is powered -to
the left because of the fact that the operating fluid pres-
sure P, is simultaneously applied to the outer end of
the pump piston 56. Thus, in each instance, the only load
on the corresponding cam means 68 is that required to
rotate the corresponding rotor 42. : B

Either of the step-up transformers of FIGS. 4a and
4b may be used wherever a relatively low operating fluid
pressure P, is available and it.is desired to provide a
higher fluid pressure P, for some purpose. Merely- as an
example, assume that a number of fluid operated, bottom
hole, oil well pumps (similar, perhaps, to the bottom
hole pumps of FIGS. 3a and 3b) are to be supplied with
operating fluid at different pressures to meet different
pumping requirements. Such a system may include a single
primary fluid pressure source, such as a multistage
centrifugal pump, having a large volumetric output at.a
relatively low pressure. ‘The fluid discharged by such a
single primary source can be used to operate a number
of the step-up transformers of FIGS. 4a and/or 4b, such
transformers in turn supplying the bottom hole pumps
in the wells. For example, one-such transformer may
double the pressure supplied by the primary source and
deliver it to one or more bottom hole pumps requiring
such a doubled pressure. Another transformer may triple
the fluid pressure of the primary source and deliver it
to one or more bottom hole pumps requiring an operating
fluid pressure of this magnitnde. As will be apparent, this
general concept may be extended to any desired number
of transformers in bottom thole pumps, all drawing their
basic hydraulic power supply from one or more primary
sources. Of course, the same principles may be applied
to other fluid operated systems. .

When the devices of FIGS. 4a and 4b are utilized as
step-up transformers in the manner hereinbefore . de-
scribed, it will be understood that they require a relatively
large volume of fluid at the operating fluid pressure |2
to produce a relatively smaller volume of higher-pressure
fluid at the pressure Py, However, these devices may also
be utilized, if necessary, as step-down transformers by
utilizing the pump end as the engine end and vice versa.
In this case, a relatively small volume of fluid at the
pressure P, will produce a relatively larger volume of
fluid at the lower pressure P;. Thus, such transformers
may be utilized both as step-up and step-down pressure
transformers in any system requiring pressures both above
and below the pressure available from the primary source.

Surface pump of FIGS. 5 to 14

These figures illustrate a surface pump 100 which in-
corporates the basic principles of the pump 20 of FIG. 1
and the surface pump of FIG. 2a. Consequently, this
section of the present specification will largely be re-
stricted to describing structural features of the surface
pump 100 which have not already been described in con-
junction with FIGS. 1 and 2a. . : S

Referring initially- to FIGS.:5 and 6 of the drawings,
the engine and pump heads 36 and 38 abut the. corre-
sponding ends of the cylindrical barrel 34 and have
axially short portions telescoped into such .ends. The
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barrel 34 and the engine and pump heads 36 and 38
“are held in- assembled relation, to form the housing of
the pump 100, by circumferentially spaced bolts 102
located externally of the barrel and extending through
the heads. Nuts 104 threaded on the ends of the bolts
102 clamp the barrel 34 between the heads 36 and 38.
(For clarity, the portions of the bolts 102 between the
heads 36 and 38 have been omitted from FIGS. 5 and 6.)

For convenience of manufacture, the engine and pump
heads 36 and 38 are identical and interchangeable. The
engine head 36 has an axial bore 106 therethrough and
the pump head 38 has an axial bore 108 therethrough
which is closed by a'plug 109 at its outer end. It will
‘be noted that the intake 26 and the exhaust 28 in the
engine head 36 involve symmetrical porting, the same
being true of the inlet 30 and the outlet 32 in the pump
head 38. With this construction, the intake 26 and the
exhaust 28 are reversible, thé' same being true of the
inlet 30 and the outlet 32. ) o

~'One end of the spindle 40 is disposed in the axial bore

106 in the engine head 36 and the other end thereof
extends into the axial bore 108 in the ‘pump head 38.
Referring to FIG. 12, the spindle' 40 is held against
rotation by a key 110 in matching keyways in the engine
head 36 and in’the spindle end which is disposed in the
axial bore 106. The spindle 40 is held against axial
movement by a bolt 112 threaded into the spindle end
within the axial bore 106. The bolt 112 is seated against
the outer end of the engine head 36 and serves to ‘seat
"an annular stop on the spindle 40 against the inner end
of the engine head, as shown in FIGS. 5 and 6.
" The rotor 42 is' mounted on the spindle 40 by means of
bearings 114, there being a bearing 114 for the engine
section 44 adjacent the engine head 36, two bearings
114 for the central section 48 adjacent the respective ends
thereof, and a bearing 114 for the pump section 46 ad-
jacent the pump head 38. Axially inwardly of the bearings
114 for the engine and pump sections 44 and 46 are
seals 116 between such sections and the spindle 40. Ad-
ditional seals 116 between the spindle 40 and the engine
and pump sections 44 and 46 are located axially out-
wardly of the bearings 114 for the central rotor section
48. Each of the seals 116 is of the type having a part held
stationary relative to the spindle 40 and a part rotatable
with the corresponding rotor section. ) )

The central rotor section 48 is disengageably coupled,
or, more accurately, disengageably keyed, to the respec-
tive engine and pump sections 44 and 46 by dog or jaw
clutches 118 and 120 so as to transmit cam-induced ro-
tation of the central rotor section 48 to the engine and
pump sections 44 and 46. As best shown in FIG. 9, the
clutch 118 includes circumferentially spaced, radial jaws
or dogs 122 on the corresponding end of the central rotor
section 48, and includes complementary, circumférentially
spaced, radial jaws or dogs 124 on the adjacent end of the
engine section 44. The construction of the clutch 120 is
the same as that of the clutch 118. With this construction,
the. various rotor. sections can be assembled and dis-
assembled easily and, when assembled, are locked to-
_gether in torque transmitting relation.

The central rotor section 48 is shown as formed in a
single piece. In the particular construction illustrated, the
engine section 44 includes a clutch plate 126 forming

part of the clutch 118, a seal housing 128 for one of the .

seals 116 and for the engine-piston-rod seals 94, a cylin-
der member 130 in which the engine cylinders 50 are
formed, and an engine valve plate 132 which forms part
of the engine valve means 74 and which forms the en-
gine valve end wall 86. Dowels 134 angularly position the
valve plate 132 relative to the cylinder member 130. The
various parts of the enginer rotor section 44, viz., the
clutch plate 126, the seal housing 128, the cylinder mem-
ber 130 and the engine valve plate 132, are held in as-
sembled relation by bolts 136 which have heads seated in
recesses in the clutch plate 126 and which extend through
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‘the seal housing 128 and the cylinder member 130 into

threaded engagement with the engine valve plate 132. It
will be noted that the cylinder member 130 houses one
of the bearings 114 and one of the seals 116 and that
the engine valve plate 132 holds these elements in place.
With this construction, the various components associ-
ated with and forming the engine rotor section 44 are
easily assembled and held in assembled relation.

The pump rotor section 46 has a similar construction.
More particularly, it includes a clutch plate 138 forming
part of the clutch 120, a seal housing 140 containing
one of the seals 116 and the pump-piston-rod seals 96,
a cylinder member 142 in which the pump cylinders 52
are formed, a pump valve plate 144 forming part of the
pump valve means 76 and providing the pump valve
end wall 84 of the rotor 42, dowels 146 for angularly
positioning the pump valve plate 144 relative to the cylin-
der member 142, and bolts 148 for securing the various
parts of the pump section together. )

As shown in FIGS. 6 and 14, the end walls of the
central rotor section 48 are provided therein with spring
cavities which contain compression coil springs 150.
These springs are seated in spring cavities in the heads
of the bolts 136 and 148 for securing the various parts
of the engine and pump sections 44 and 46 together. As
will be apparent, the springs 150 bias the engine and
pump sections 44 and 46 axially away from the central
section 48 to urge the engine and pump valve end walls 80
and 84 of the rotor 42 into engagement with the respec-
tive engine and pump valve end walls 78 and 82 of the
rotor chamber 24. Thus, the springs 150 help to insure
fluidtight engagements between the respective rotor end
walls and rotor-chamber end walls constituting the en-
gine and pump valve means 74 and 76, The sealing en-
gagements provided by the springs 150 may be supple-
mented by fluid pressure acting on the inner ends of en-
gine and pump sections 44 and 46.

As shown in FIG. 2a of the drawings, the operating
fluid pressure P, and the pumped fluid discharge pressure
P, are constantly applied to the annular inner ends of the
engine and pump pistons 54 and 56, respectively. Consid-
ering how this is accomplished in FIG. 5, the intake 26
containing operating fluid at the pressure P; and the out-
let 32 containing pumped fluid at the pressure P, re-
spectively contain valves 152 and 154 carried by the re-
spective engine and pump heads 36 and 38 and adapted
to admit fluid at the pressures P; and P, into the re-
spective axial bores 106 and 108. Communicating with
the valves 152 and 154 are axial passages 156 and 158
in the spindle 40. The passages 156 and 158 extend ax-
ially to chambers 160 and 162 respectively formed in
the engine and pump sections 44 and 46 between the re-
spective seal housings 128 and 140 and the respective
cylinder members 130 and 142 thereof. The chambers
160 and 162 respectively communicate with the inner
ends of the engine and pump cylinders 50 and 52, and
thus apply the intake and outlet pressures Py and P; to
the annular inner ends of the respective engine and pum
pistons 54 and 56. :

(The exhaust 28 and the inlet 30 contain valves 164
and 166 respectively similar to the valves 152 and 154
and adapted to connect the exhaust 28 and the inlet 30
to the passages 156 and 158 leading to the respective
chambers 160 and 162. To obtain P, and P, at the inner
ends of the engine and pump pistons 54 and 56, as shown
in FIG. 2a, the valves 152 and 154 are open and the
valves 164 and 166 are closed, the same being true of
the mode of operation shown in FIG. 2b. However, if
one of the other modes of operation shown in FIGS.
3a, 3b, 4a and 4b is desired, the valves 152, 154, 164 and
166 are set as required to apply the proper pressures to
the inner ends of the engine and pump pistons 54 and
56. For example, to obtain the mode of operation shown
in FIGS. 3a and 3b, the valve 152 is open, the valve 164
is closed, the valve 154 is closed, and the valve 166 is
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open. The mode of operation illustrated in' FIGS. 4a and
4b may be obtained in an analogous manner.)

As hereinbefore suggested, fluid pressure can be ap-
plied to the inner ends of the engine and pump sections
44 and 46 in any suitable manner to urge the engine and
pump sections 44 and 46 axially outwardly into engage-
ment with the engine and pump valve end walls 78 and
82 of the rotor chamber 24, thereby assisting the springs
150 in maintaining the desired sealing engagements within
the respective engine and pump valve means 74 and 76.
Thus, the springs 150 provide initial sealing engagements
which are ultimately supplemented by fluid pressure.

To prevent excessive contact pressures between the
engine valve end walls 78 and 80 and the pump valve
end walls 82 and 84, offsetting or balancing fluid pressures
may be introduced between the end walls of the respective
pairs in the manner described in more detail in my afore-
mentioned copending application. Thus,.any desired con-
tact pressures may be obtained for the end walls con-
stituting the engine and pump valve means 74 and 76.

‘The engine and pump valve means 74 and 76 are sub-
stantially identical to those disclosed in my aforemen-
tioned copending application. Briefly, the engine valve
means 74, as shown in FIGS. 5 and 10, comprises ports
168 in the engine valve plate 132 which are aligned with
the respective engine cylinders 50 and which are of the
same diameter as the engine cylinders to minimize flow
resistance. As the rotor 42 rotates, successive ports 168
alternately register with arcuate intake and exhaust ports
170 and 172, FIGS. 5 and 11, constituting parts of the
intake 26 and the exhaust 28 and formed in the engine
valve end wall 78 of the rotor chamber 24. The intake and
exhaust ports 170 and 172 have angular extents sufficient-
ly less than 180° that each engine-cylinder port 168 moves
out of register with one of the ports 170 and 172 before
it moves into register with the other. The pump valve
means 76 has essentially the same structure and will not
be described.

Turning now to the cam means 68, the cam 70, as
hereinbefore indicated, comprises a groove formed in
the spindle 40 between the engine and pump sections 44
and 46 of the rotor 42. Preferably, as shown in FIG. 7,
the cam groove 70 has dwells 174 which maintain the
piston assemblies stationary as the ports 168 move out
‘of register with one of the ports 170 and 172 and into
‘register with the other, and as the corresponding action
takes place within the pump valve means 76. This and
other characteristics of the cam groove 70 are fully de-
scribed in my aforementioned copending application so
that a further description herein is not necessary.

As previously indicated, the piston couplings 64 which
carry the cam followers 72 are axially slidable in the
guide bores 66 in the central rotor section 48. Conse-
quently, the rotor driving forces developed by the inter-
actions between the cam groove 70 and the cam followers
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72 are transmitted directly to the central rotor section .

48 through the couplings 64 and the walls of their guide
bores 66, rotation of the central rotor section being trans-
mitted to the engine and pump sections 44 and 46 through
the clutches 118 and 120. Thus, the cam-induced forces
for rotating the rotor 42 are not transmitted through the
engine and pump pistons 54 and 56, whereby there is no
tendency for these pistons to bind in their respective cyl-
inders 50 and 52, which is an important feature.

As best shown in FIGS. 8 and 13 of the drawings, each
coupling 64 is provided therethrough with a radial slot
176 receiving the leg of a T-shaped cam-follower mount-
ing element 178. The crossbar of each cam-follower
mounting element 178 is seated on a flat 180 on the side
of the corresponding coupling 64 opposite the spindle 40.
Screws 182 accessible through longitudinal slots 184 in
the central rotor section 48 secure the crossbars of the
respective T-shaped mounting elements 178 to the corre-
sponding couplings 64 with the corresponding crossbars
seated against the corresponding flats 180. The crossbars
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of the mounting elements 178 are axially slidable in the

slots 184 in the central rotor section 48, and the inner
ends of the legs of the T-shaped mounting elements are
sunllarly slidable in longitudinal slots 186 in the central
rotor section, Thus, the slots 184 .and 186 supplement
the coupling uldmg function performed by the bores 66.

‘The cam followers 72 are simply rollers mounted on
radial axles 188 in radial bores 190 in the legs of the
T-shaped mounting elements 178. Preferably, the cam
followers 72 are truncated cones and the cam groove 70
has a complementary trapezoidal cross section.

It will be noted from FIG. 13 that the engine and pump
piston rods 60 and 62 are threaded into the couplings 64.
To permit connecting the piston rods 60 and 62 to and
dlsconnectlng same from the couplmgs 64, the outer

.ends of the engine and pump plStOnS 54 and 56 may be

prov1ded with wrénch sockets, not shown, or the like,
therein. The piston rods 60 and 62 are prov1ded with axial
lubrication passages 192 ‘and ‘194 for conveying ~fluid
from the interior of the barrel 34 to radial ports, not
shown, in the engine and pump plstons 54 and 56 for
Iubrlcatlon purposes.

Bottom hole pump of FIGS 15 to 17

These figures illustrate a bottom hole pump 200 which,
for example, may embody the principles of FIG. 3a.
Structurally, it is. very similar to the surface pump 100
so that only a brief descrlptlon is necessary.

The bottom hole pump 200 ‘includes a housmg com-
prising a cylindrical barrel 202 having engine and pump
heads 204 and 206 connected to its upper and lower ends,
as by threading. The pump head 206 includes an inlet

fitting’ 208 adapted to seat on a standing valve assembly,

not shown, in the conventional manner. The engine head
204 has connected thereto a tube 210 which may be the
lower end of a supply tubing for operating fluid under
pressure, or which may be the lower end of a packer
mandrel, depending on whether the pump 200 is a set
pump, or a pump of the type which is hydraulically cir-
culatable between the surface and its operating posmon
in the well through a pump tubing, not shown.

The engine and pump heads 204 and 206 provide there-
between a rotor chamber 212 and carry an axial spindle
214 on which a rotor 216 is mounted. This rotor may be
similar to the rotor 42, except that the bottom hole or
well fluid pressure Py is applied to the inner or upper
ends of the pump pistons, as indicated in FIG. 3a. The
outer or lower ends of the pump pistons have the bottom
hole and column pressures Py and ‘P, alternately apphed
thereto, while the outer or upper ends of the engine pis-
tons have the operating fluid pressure and the column
pressure P; ‘and P, alternately applied theréto. The inner
or lower ends of the engine pistons have the operating
fluid pressure P; constantly applied thereto. The manner
in which this may be achieved will be apparent from
the preceding discussion so that no further description
is necessary.

The engine head 204 is provided therein with an intake
218 and an exhaust 220 for the operating fluid and the
pump head 206 is provided therein with an inlet 222 and
an outlet 224 for the pumped fluid. The intake 218 com-
prises an axial passage 226 communicating with ports 228
leading to ‘an arcuate intake port 230 correspondmg to
the intake port 170. The exhaust 220 comprises an arcuate
exhaust port 232 corresponding to the exhaust port 172
and communicating with passages 234 termmatmg in
radial ports 236. The ports 236 may communicate with
a suitable tubing, mot shown, for conveying the spent
operating fluid to the surface.

The inlet 222 comprises an axial passage 238 extendmg
upwardly to-an arcuate inlet passage 240 termmatmg in an
arcuate inlet port 242. The outlet 224 comprises an arcu-
ate outlet port 244 communicating with longitudinal pas-
sages 246 terminating at their lower ends in radial ports
248. The latter are adapted to communicate with a tub-
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ing, not:shown, for conveying pumped or production fluid
upwardly to the surface. This tubing may be the same as
or-different from the tubing for conveying spent operating
fluid upwardly to the surface, depending upon whether
an-open or closed pumping system is desired.

Although exemplary embodiments of the present inven-
tion: have been~disclosed herein for purposes of illustra-
tion, it'will be understood that various changes, modifica-
tions and. substitutions may be incorporated in such em-
bodiments without departing from the spirit of the inven-
tion' as defined by the claims which follow:.

I claim as my invention: :

1. In'a rotary fluid operated pump, the combination of:

(a) a housing provided therein with a rotor chamber
"+ i and having an intake and an exhaust for operating

fluid and an inlet and an outlet for fluid being
- pumped; - : : C

(b). a sectional rotor in and rotatable about the axis of

* said rotor chamber and including engine and pump
" -+end sections and a central section;
~~(c). two - disengageable coupling -means respectively

- coupling said end sections to said central section in
torque transmitting relation, and respectively com-
prising interengageable coupling elements on the ends
of said central section of said rotor and adjacent ends
of said end sections thereof;

(d) said engine end section being provided therein
with circumferentially spaced engine cylinders having
axes paralleling the axis of said rotor chamber;

(e) said pump end section being provided therein with
circumferentially spaced pump cylinders respectively

) aligned with said engine cylinders;
- (f) engine pistons respectively reciprocable in said en-
gine cylinders; :
- (g) pump pistons respectively reciprocable in said
pump cylinders;

(h) piston connecting means extending through said
central section and respectively interconnecting said
engine pistons and said pump pistons;

(i) cam means responsive to reciprocatory movement

- .of said interconnected engine and pump pistons for
rotating said rotor about the axis of said rotor cham-
ber;

(j) engine valve means responsive to rotation of said
rotor for sequentially connecting said engine cylin-
ders to said intake and said exhaust alternately: and

(k) pump valve means responsive to rotation of said

~-rotor- for -sequentially connecting said pump cylin-
ders to said inlet and said outlet alternately.

2. In a rotary fluid operated pump, the combination of:

* (a) a housing provided therein with a rotor chamber
having engine and pump valve end walls, and pro-
vided with an-intake and an exhaust for operating
fluid and an inlet and an outlet for fluid being
pumped;

(b) a spindle carried by said housing within and ex-
tending axially of said rotor chamber;

(c) a sectional rotor in said rotor chamber and rotata-
bly mounted on said spindle and including engine and
pump end sections and a central section;

(d) two disengageable coupling means respectively cou-
pling said end sections to said central section in
torque transmitting relation, and respectively com-
prising interengageable coupling elements on the ends
of said central section of said rotor and adjacent ends
of said end sections thereof;

(e) said engine end section being provided therein with
circumferentially spaced engine cylinders having axes
paralleling the axis of said rotor chamber;

(f) said pump end section being provided therein with
circumferentially spaced pump cylinders respectively
aligned with said engine cylinders;

(g) engine pistons respectively reciprocable in said en-
gine cylinders;

(h) pump pistons respectively reciprocable in’ said
pump cylinders;
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(i) piston connecting means extending through ' said
central section nad respectively interconnecting: said
engine pistons and said pump pistons; :

(j) cam means on said piston connecting means and
said spindle and responsive to Teciprocatory move-
ment of said interconnected engine and pump pistons
for rotating said rotor about the axis of said rotor
chamber; - ) h

(k) -engine valve means formed by said engine valve
end wall of said rotor chamber and an adjacent en-
gine valve end wall of said engine end section of
said rotor, and responsive to rotation of said rotor,
for sequentially connecting said engine cylinders to
said intake and said exhaust alternately; and

(1) pump valve means formed by said pump valve end

wall of said rotor chamber and an adjacent. pump

valve end wall of said pump end section of said rotor,
and responsive to rotation of said rotor, for sequen-
tially connecting said pump cylinders to said inlet and

- said outlet alternately.

3. A rotary fluid operated pump as defined in claim 2
including means for biasing said engine and pump end
sections of said rotor-axially away from said central, sec-
tion thereof and into engagement with said engine and
pump valve end walls, respectively, of said rotor chamber.

4. A rotary fluid operated pump as set forth in claim 3
wherein said biasing means includes spring means acting
between said central section of said rotor and said engine
and pump end sections thereof.

5. A rotary fluid operated pump according to claim 2
wherein said disengageable coupling means include clutch
jaws on adjacent end walls of said central section of said
rotor and said engine and pump end sections thereof.

6. A rotary fluid operated pump as defined in claim 2
wherein said engine and pump valve end walls of said
engine and pump end sections of said rotor are respective-
ly formed by separate engine and pump valve plates,
said engine and pump end sections carrying circumferen-
tially spaced, axially extending bolts respectively connect-
ing said engine and pump valve plates thereto.

7. A rotary fluid opreated pump as set forth in claim 2
wherein said housing includes a cylindrical barrel con-
taining said rotor and includes heads secured to and clos-
ing the ends of said barrel and defining said engine and
pump valve end walls of said rotor chamber, said spindle
being mounted on said heads. :

8. A rotary fluid operated pump according to claim 2
wherein said cam means includes a cam groove in said
spindle and includes cam followers carried by said piston
connecting means and extending radially inwardly into
said cam groove. )

9. In a rotary fluid operated pump, the combination of:

(a) a housing provided therein with a rotor chamber
and having an intake and an exhaust for operating
fluid and an inlet and an outlet for fluid being
pumped;

(b) a spindle carried by said housing within and ex-
tending axially of said rotor chamber;

(c) arotor in said rotor chamber and rotatably mounted
on said spindle;

(d) said rotor being provided in one end thereof with
circumferentially spaced engine cylinders having axes
paralleling the axis of said rotor chamber and being
provided in the other end thereof with circumferen-
tially spaced pump cylinders respectively aligned with
said engine cylinders;

(e) engine pistons respectively reciprocable in said en-
gine cylinders;

(£) pump pistons respectively reciprocable in said pump
cylinders;

(g) piston connecting means respectively interconnect-
ing said engine pistons and said pump pistons;

(h) each of said piston comnecting means including a
coupling and including piston rods extending axially
from the corresponding engine and pump pistons and
threadedly connected to said coupling;
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(i) guide means on said rotor and engaging said cou-
plings for constraining said couplings against radial
and circumferential movement relative to said rotor
and for guiding said couplings for movement relative
to said rotor along paths paralleling the axis of said
rotor chamber in response ot reciprocatory move-
ment of the interconnected engine and pump pistons;

(j) cam means on said couplings and said spindle and
responsive to reciprocatory’ movement of said inter-
connected engine and pump pistons for rotating said
rotor about the axis of said rotor chamber;

(k) engine valve means responsive to rotation of said
rotor for sequentially connecting said engine c¥lin-
ders to said intake and said exhaust alternately; and

(1) pump valve means responsive to rotation of said
rotor for sequentially connecting said pump cylinders
to said inlet and said outlet alternately.

10. A rotary fluid operated pump according to claim 9
wherein said cam means includes a cam on said spindle
and cam followers respectively carried by said couplings
and extending radially inwardly into engagement with said
cam.

11. A rotary fluid operated pump as set forth in claim 10
wherein said cam is a groove in said spindle and wherein
said cam followers comprise rollers in said cam groove.

12. A rotary fluid operated pump as set forth in claim
11 including cam-follower mounting elements detachably
connected to said couplings, said cam followers being
carried by said cam-follower mounting elements, respec-
tively.

13. A rotary fluid operated pump as defined in claim
12 wherein said couplings are provided with slots there-
through which are oriented radially relative to the axis of
said rotor chamber, said cam-follower mounting elements
being disposed in said slots, respectively.

14. A rotary fluid operated pump according to claim 9
wherein said couplings are substantially cylindrical and
wherein said guide means comprises circumferentially
spaced bores in said rotor having axes paralleling the axis
of said rotor chamber and slidably receiving said cou-
plings therein, respectively.

15. A rotary flnid operated pump as set forth in claim
14 wherein said cam means includes a cam on said spindle
and cam followers respectively carried by said couplings
and extending radially inwardily into engagement with
said cam.

16. A rotary fluid operated pump as defined in claim
15 including cam-follower mounting elements respectively
carried by said couplings and respectively carrying said
cam followers, said rotor being provided therein with
guides paralleling the axis of said rotor chamber and
slidably engaging portions of said cam-follower mounting
elements.
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17. In a rotary fluid operated pump, the combination of:

(a) a housing provided therein with a rotor chamber;

(b) a spindle carried by said housing within and- ex-
tending axially of said rotor chamber; : _

(c) a rotor in said rotor chamber and rotatably mount-
ed on said spindle; :

(d) said rotor being provided in one end thereof with
circumferentially spaced engine cylinders having axes
paralleling the axis of said rotor chamber and being
provided in the other end thereof with circumferen-
tially spaced pump cylinders respectively alinged with
said engine cylinders; o :

(e) engine pistons respectively reciprocable in said en-
gine cylinders;

(f) pump pistons respectively reciprocable in said pump
cylinders; :

(g) piston connecting means respectively interconnect-
ing said engine pistons and said pump’ pistons;

(h) guide means on said rotor and encompassing and
engaging said piston connecting means, respectively,
for constraining said piston connecting means against
radial inward and outward movement and circum-
ferential movement relative to said rotor and for
guiding said piston connecting means for longitudinal
movement relative to said rotor along paths parallel-
ing the axis of said rotor chamber in response to
reciprocatory movement of the interconnected engine
and pump pistons; :

(i) interengaged cam means on said piston connecting
means and said spindle and responsive to reciproca-
tory movement of said interconnected engine and
pump pistons for rotating said rotor about the axis
of said rotor chamber, said cam means on said piston
connecting means extending radially inwardly through
said guide means into engagement with said cam
means on said spindle; :

(i) means for admitting operating fluid under pressure
into and exhausting spent operating fluid from suc-
cessive ones of said engine cylinders as said rotor
rotates; and

(k) means for admitting fluid to be pumped into and

discharging pumped fluid from successive ones of said

pump cylinders as said rotor rotates.
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