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(57) ABSTRACT

A stator for a progressive cavity pump may include a
containment element with an inner surface and a casing. The
casing may be arranged within the containment element, be
generally isolated from the inner surface of the containment
element, and define a stator cavity adapted for receiving a
progressive cavity pump rotor and for accommodating sub-
stantially free rotation of the progressive cavity pump rotor
therein.

/),r" t UO




e 2 N

US 2021/0102464 Al

R

Sheet 1 of 8

Apr. 8,2021

Patent Application Publication




Patent Application Publication  Apr. 8,2021 Sheet 2 of 8 US 2021/0102464 A1

FiG. 2



Patent Application Publication  Apr. 8,2021 Sheet 3 of 8 US 2021/0102464 A1

194 /¢/~102

114




US 2021/0102464 Al

Sheet 4 of 8

Apr. 8,2021

Patent Application Publication

e ..........“.n.n.n.n.n.n.n.“.“.“.“.n.n.n.n.mwmm 8% T R R

orl

S

R

SR
Lo

RN

e




Patent Application Publication  Apr. 8,2021 Sheet 5 of 8 US 2021/0102464 A1

FIG. 5

FIG. 6



Patent Application Publication  Apr. 8,2021 Sheet 6 of 8 US 2021/0102464 A1

28

116




Patent Application Publication  Apr. 8,2021 Sheet 7 of 8 US 2021/0102464 A1




Patent Application Publication  Apr. 8,2021 Sheet 8 of 8 US 2021/0102464 A1

/5/»200

PRINTING THE INNERLINER ~ [40%2

FORMING AND/OR PROVIDING A [~204
CONTAINMENT ELEMENT

PLACING ONE OR MORE INNER ~ [206
LINER SEGMENTS END TO END

SEALING THE JOINT ~208
BETWEEN THE SEGMENTS

PLACING THE INNER LINER WITHIN 210
THE CONTAINMENT ELEMENT

PLACING A FILLER MATERIAL 212
BETWEEN THE CONTAINMENT
ELEMENT AND THE INNER LINER

INSTALLING AN END CAP 214

CLOSING THE FILLER HOLES 918

CONSTRUCTING A PROGRESSIVE [~2718
CAVITY PUMP WITH THE STATOR

PLACING A ROTOR WITHIN - 290
THE CAVITY OF THE STATOR
202
SECURING THE DISTAL END OF
THE ROTOR TO A DRIVE SYSTEM
PROVIDING FLUID ACCESS ~224

TO THE STATOR AND ROTOR

FIG. 10




US 2021/0102464 Al

HYBRID CORE PROGRESSIVE CAVITY
PUMP

TECHNOLOGICAL FIELD

[0001] The present disclosure relates to pumps. More
particularly, the present disclosure relates to progressive
cavity pumps. Still more particularly, the present disclosure
relates to a progressive cavity pump having a hybrid stator
adapted for increased durability and life span.

BACKGROUND

[0002] The background description provided herein is
intended to generally present the context of the disclosure.
Work of the presently named inventors, to the extent it is
described in this background section, as well as aspects of
the description that may not otherwise qualify as prior art at
the time of filing, are neither expressly nor impliedly admit-
ted as prior art against the present disclosure.

[0003] A progressive cavity pump is a type of positive
displacement pump and is also known as a progg cavity
pump, eccentric screw pump, or cavity pump. Progressive
cavity pumps may include a stator with a helically shaped
cavity and may also include a helically shaped rotor
arranged in the cavity. The rotor may be rotated to cause the
transfer of fluids through a sequence of small, fixed shape,
discrete cavities. Depending on the nature of the fluids being
pumped and the amount of use, the rotor and/or the stator
may wear over time and reduce the efficiency of the pump.
For example, pumping of fluids may result in increased
temperatures of the fluids. Moreover, some fluids may be
corrosive or abrasive. In many cases, the helically shaped
cavity of the stator may be formed from an elastomer
material and the increased temperatures may cause the
elastomer to break down over time. Corrosive fluids may eat
away at metallic rotors. Similarly, abrasive materials may
eat away both metallic and elastomeric materials. Wear on
the stator and/or rotor may affect their original shapes and,
thus, the interfaces of the stator and rotor. This may decrease
the efficiencies of the pump and, as such, decrease the life
span of the pump.

SUMMARY

[0004] The following presents a simplified summary of
one or more embodiments of the present disclosure in order
to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated
embodiments, and is intended to neither identify key or
critical elements of all embodiments, nor delineate the scope
of any or all embodiments.

[0005] In one or more embodiments, a stator for a pro-
gressive cavity pump may include a containment element
with an inner surface and a casing. The casing may be
arranged within the containment element and generally
isolated from the inner surface of the containment element.
The casing may also define a stator cavity adapted for
receiving a progressive cavity pump rotor and for accom-
modating substantially free rotation of the progressive cavity
pump rotor therein.

[0006] In one or more embodiments, a progressive cavity
pump may include a drive system and a progressive cavity
pump rotor. The rotor may be flexibly coupled to the drive
system and rotationally operable by the drive system. The
pump may also include a stator. The stator may include a
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containment element with an inner surface and the stator
may also include a casing. The casing may be arranged
within the containment element and generally isolated from
the inner surface of the containment element. The casing
may also define a stator cavity adapted for receiving the
progressive cavity pump rotor and for accommodating sub-
stantially free rotation of the progressive cavity pump rotor
therein.

[0007] In one or more embodiments, a method of manu-
facturing a progressive cavity pump stator may include
printing, for example 3D printing, a casing. The casing may
define a stator cavity adapted for receiving a progressive
cavity pump rotor and for accommodating substantially free
rotation of the progressive cavity pump rotor therein. The
method may also include arranging the casing within a
containment element.

[0008] While multiple embodiments are disclosed, still
other embodiments of the present disclosure will become
apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative
embodiments of the invention. As will be realized, the
various embodiments of the present disclosure are capable
of modifications in various obvious aspects, all without
departing from the spirit and scope of the present disclosure.
Accordingly, the drawings and detailed description are to be
regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The drawings illustrate generally, by way of
example, but not by way of limitation, various embodiments
discussed herein.

[0010] FIG. 1 shows a progressive cavity pump in use on
an oil well, according to one or more embodiments.

[0011] FIG. 2 shows an exterior view of a stator portion of
the pump of FIG. 1, according to one or more embodiments.
[0012] FIG. 3 shows a cross-sectional view of the stator of
FIG. 2, according to one or more embodiments.

[0013] FIG. 4 shows a perspective translucent view of an
inlet end of the stator of FIG. 2, according to one or more
embodiments.

[0014] FIG. 5 shows a perspective view of a casing
segment of the stator of FIG. 2, according to one or more
embodiments.

[0015] FIG. 6 shows a cross-sectional view thereof.
[0016] FIG. 7 shows a right end view of the casing
segment of FIGS. 5 and 6, according to one or more
embodiments.

[0017] FIG. 8 shows a left end view of the casing segment
of FIGS. 5 and 6, according to one or more embodiments.
[0018] FIG. 9 shows an outlet end view of the stator of
FIG. 2, according to one or more embodiments.

[0019] FIG. 10 is a diagram of a method of manufacturing
a casing, according to one or more embodiments.

DETAILED DESCRIPTION

[0020] The present disclosure, in one or more embodi-
ments, relates to a progressive cavity pump having a stator
manufactured with multiple materials and particularly
adapted for increased and prolonged efficiencies as com-
pared to known progressive cavity pumps. In particular, the
stator may include an external containment tube with an
elastomeric filler material and a durable cavity casing. The
cavity casing may be segmented allowing for particularly
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precise and accurate manufacturing techniques and the seg-
ments may be particularly adapted for precise end-to-end
connection to allow for a quasi-seamless assembly. The
cavity casing may be a metallic or other durable casing
material and, as such, may provide thermal, abrasion, and
corrosion protection to the stator to increase the durability of
the stator and the life span of the stator and the pump.
[0021] FIG. 1 shows a pump system 100 in place on a well
according to one or more embodiments. The pump system
100 may be a progressive cavity pump system configured for
extracting oil. In one or more embodiments, the pump
system 100 may be adapted for in situ steam oil extraction
where steam is used to loosen the oil and the oil is then
extracted. The pump system 100 may include a stator 102,
a motor or other drive system 104, directly or indirectly,
coupled to the stator 102, a drive shaft 106 extending from
the drive system, a rotor 108 arranged within the stator 102
and operable by the drive system 104 and drive shaft 106 via
flexible couplings. The pump system 100 may operate to
rotate the rotor 108 within the stator 102 and draw or push
fluid through the stator 102 due to the motion of the rotor
108.

[0022] It is to be appreciated, that while a progressive
cavity pump system 100 has been shown in use on a well,
the pump system and/or stator disclosed herein may be used
in wide variety of applications including food applications
or other fluid pumping environments. In some cases, the
progressive cavity pump may be particularly suitable where
there are limits on the shear stress experienced by the fluid
during pumping operations. Nothing herein should be con-
strued to limit the use of the present pump and/or stator to
well or other oil-related operations.

[0023] The motor or drive system 104 may include a
combustion engine, an electrically powered motor, a hydrau-
lically powered motor, or another drive system may be
provided. The motor may be adapted for inducing rotational
motion to power the pump. The drive shaft 106 may extend
from the motor or drive system 104 and may be adapted to
transfer the rotational power or energy from the drive system
to the rotor 108. Due to the helical nature of the rotor/stator
cavity described below, an end of the rotor 108 proximal to
the drive system 104 may oscillate in a linear, circular,
elliptical, or other oscillating path. As such, the drive shaft
106 may be coupled to the motor and the rotor with flexible
couplings adapted to transfer rotational power and/or energy
while accommodating pivoting motion between the drive
shaft 106 and the motor 104 and between the drive shaft and
the rotor. For example, a double jaw-type coupling or
universal joint may be provided on each end of the drive
shaft. Still other flexible couplings may be provided.
[0024] The rotor 108 may extend from the drive shaft 106
and may be configured for rotating based on rotational
power or energy provided by the drive system 104 and the
drive shaft 106. The rotor 108 may have a circular or other
cross-section and may have a helical profile. The rotor may
have a circular cross-section (e.g., single lobe) or it may
include multiple lobes (e.g., 2, 3,4, 5, 6,7, 8, 9, 10, or even
more lobes). Alternatively or additionally, the rotor 108 may
be particularly adapted for arrangement within a helically or
other shaped cavity of a stator. That is, while helical shapes
for progressive cavity pump rotors may be used, still other
shapes may be provided and may be coordinated with the
shape of the stator to address desired pumping characteris-
tics. The rotor 108 may be a substantially solid rotor or a
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hollow rotor may be provided. The rotor 108 may be
pivotally coupled to the drive shaft 106 at an end proximal
to the drive system 104. The opposite end (i.e., distal to the
drive system) may be a free end or the distal end may be
coupled in a manner that accommodates linear, circular,
elliptical, or other oscillating motion. Depending on the
number of lobes of the rotor and the corresponding shape of
the stator, various paths of the free end may be provided. The
outer surface of the rotor may be a polished surface adapted
for slidingly engaging the inner surface of the stator cavity
to minimize or resist wear of the rotor and the stator. The
rotational, but longitudinally stationary, motion of the rotor
within the stator cavity may push or draw fluid through the
stator cavity.

[0025] The stator 102 may be directly or indirectly secured
to the drive system 104 to resist rotation relative to the drive
system 104 such that rotational energy imparted on the rotor
108 may cause the rotor 108 to rotate relative to the stator
102. The stator 102 may, thus, be configured to push or draw
fluid therethrough based on and due to the rotation of the
rotor 108 within the stator 102 and based on the interactions
of the rotor 108 with the inner surface of the stator cavity.
The stator may include a containment element 110, a casing
112 defining a stator cavity 114, support structures 116 for
the casing, and filler 118 for filling the void space between
the casing 112 and the containment element 110 and for
further supporting the casing 112.

[0026] Referring to FIGS. 2-4, the containment element
110 may be configured to establish a space for fluid pumping
operations and to contain the elements performing pumping
and the fluid being pumped. The containment element 110
may include an outer wall defining an outer surface of the
stator 102 and defining a boundary within which pumping
operations may occur. The outer wall may be substantially
continuous along a periphery and along a longitudinal length
thereof. In one or more embodiments, the outer wall may be
formed from one or more segments or portions establishing
the substantially continuous boundary. The outer wall may
be cylindrically shaped having a cylindrical outer surface
and a cylindrical inner surface separated by a thickness of
the outer wall. Alternatively, all or a portion of the outer wall
may have a different shape such as a square, rectangular,
triangular, helical, or other shape including non-geometric
and/or non-uniform shapes. The containment element 110
may be sized to accommodate a cavity 114 that may, in turn,
be sized to accommodate a rotating rotor 108. As such, the
containment element 110 may have an inner diameter or
minimum crossing dimension that exceeds a similar dimen-
sion of the rotor 108. The diameter or minimum crossing
dimension may also accommodate a size, shape, and thick-
ness of the casing 112 and the size shape and thickness of the
filler portion 118 of the stator 102. In one or more embodi-
ments, the inner diameter or minimum crossing dimension
of the containment element 110 may range from approxi-
mately 1 inch to approximately 24 inches, or from approxi-
mately 2 inches to approximately 12 inches, or from
approximately 3 inches to approximately 6 inches, or, for
example, 4 inches. Still other sizes may be provided depend-
ing on the amount of fluid being pumped, the pumping
output desired, the length and size of the pump, and other
considerations. The containment element 110 may also have
a length ranging from approximately 1 foot to approximately
60 feet, or approximately 8 feet to approximately 40 feet, or
from approximately 16 feet to approximately 24 feet.
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[0027] With continued reference to FIGS. 2-4 and addi-
tional reference to FIGS. 5 and 6, a casing 112 is shown. The
casing 112 may be configured to form a stator cavity 114
through which fluid may be advanced due to rotor rotation
within the cavity 114. More particularly, and in one or more
embodiments, the casing 112 may have a casing wall with an
inner surface defining a helical envelope adapted to interface
with and accommodate rotation of a helically shaped rotor
108 while simultaneously providing volumes for advancing
fluid using the rotating rotor 108. As mentioned, a wide
variety of internal surface shapes may be provided depend-
ing on the efficiencies desired, the pumping specifications
being addressed, and the type of stator being accommodated.
That is, while a helically shaped rotor with a circular
cross-section is shown, other rotor cross-sections and shapes
may be provided such as helical rotors with multiple lobes
and the stator cavity may be shaped accordingly. For
example, in one or more embodiments, the stator may
include the number of lobes of the stator plus one. For
example, if a 2-lobe rotor is provided, the stator may include
3 lobes and so on. Still other combinations of lobes between
the rotor and the stator may be provided. The cavity 114 of
the stator 108 may be adapted to accommodate substantially
free rotation of the rotor therein while also providing for
advancement of fluid through the stator.

[0028] In one or more embodiments, the cross-sectional
shape of the inner surface 120 of the casing 112 at any given
location along its length may be an extruded or stretched
circle. That is, as best shown in FIGS. 7 and 8, the cross-
section of the inner surface 120 may include a radiused half
circle end, substantially straight sidewalls, and an opposing
radiused half circle end. As such, as the rotor 108 is rotated
and as its axis of rotation oscillates, each section of the rotor
108 may oscillate back and forth across its respective slot
along the length of the stator 108. As shown, the orientation
of the described cross-sectional shape about a central axis of
the stator may vary along the length of the stator. That is,
while the cross-sectional shape of the cavity 114 may be
substantially constant along its length, the orientation of that
cross section may be continuously changing. The casing
wall may have a substantially uniform thickness and, as
such, the outer surface of the casing may have a geometry
that is the same or similar to the inner surface 120 (e.g.,
albeit offset from this geometry toward an outer area of the
stator). Alternatively, the outer surface may deviate from the
inner surface shape and may have a more uniform cylindri-
cal shape. In one or more embodiments, the casing wall
thickness may be greater at or near supporting structures to
reinforce or strengthen the attachment points. In one or more
embodiments, the casing 112 may be a 3D printed article, for
example, an injection molded article, or the casing may be
otherwise formed.

[0029] The casing 112 may be configured to resist thermal
breakdown, abrasion, and corrosion. As such, the casing 112
may be a metallic or other relatively strong material. In one
or more embodiments, the casing 112 may be a stainless
steel or otherwise corrosion resistant material. Still other
materials may be provided and the material may be selected
depending on the nature of use of the pump and the desired
longevity of the pump balanced with costs and other factors.
In one or more embodiments, the casing 112 may include a
polymer material, a hybrid material, composite material, a
metal alloy, or a pure metal material. In one or more
embodiments, the casing may include a stainless steel mate-
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rial such as ASTM 316L, or ASTM 718, maraging steel, tool
steel, Tungsten, Inconel (625, 600), and/or ferrous or non-
ferrous alloys.

[0030] The casing 112 may be supported within the con-
tainment element by one or more supports or support
structures 116. That is, as shown in FIGS. 4-6, one or more
supports 116 may be secured to the casing 112 and extend
radially or otherwise outward toward the containment ele-
ment 110. The one or more supports 116 may be configured
to maintain the position of and provide structural support to
the casing 112 within the containment element 110 during
operation and/or during placement of the filler 118 between
the containment element and the casing 112. The one or
more supports 116 may be strut elements secured to the outer
surface of the casing 112 at a first end and secured, directly
or indirectly, to the containment element 110 at an opposite
end. That is, in one or more embodiments, a support in the
form of a reinforcing ring 122 may be positioned around the
casing 112 at each end and at a mid-length thereof. In this
embodiment, the struts may be secured to the outer surface
or extend from the outer surface of the casing 112 at a first
end and be secured to the reinforcing ring 122 at an opposing
end. The reinforcing ring 122 may, in turn, fit within the
containment element 110 and provide for a friction fit or
other secured connection to the containment element 110.
The strut elements may be welded or otherwise secured to
the outer surface of the casing 112 and to the reinforcing ring
122 or containment element 110 or they may be integrally
formed therewith such as during a 3D printing operation or
an injection molding operation.

[0031] The stator 102 may also include an infill or filler
portion 118. The tiller portion 118 may be configured for
occupying the space between the outer surface of the casing
112 and the containment element 110 and for supporting the
casing 112. The filler portion 118 may be flowed, injected,
or otherwise placed around the casing 112 and within the
containment element 110. In or more embodiments, the
containment element 110 may include ports for injecting the
filler portion 118 around the casing 112 and the supports 116
and the ports may be closed off by plug welding or otherwise
sealing after the filler portion 118 has been placed. The filler
portion 118 may be an elastomeric material providing for
some resiliency while also providing support to the wall of
the casing 112 during operations. Other thermally resistant
and/or insulative filler materials may be used. Still other
materials may also be selected. In still other embodiments,
while a filler portion 118 may be provided, it may remain a
void space and no filler material may be injected into the
filler portion 118. That is, in some circumstances (e.g., small
stators), the filler portion 118 may be difficult to fill and
filling may be unnecessary. In some embodiments, the
containment element may have a varying thickness to take-
up any filler space or the filler portion 118 may be left empty,
for example. In still other embodiments, the containment
element may form the outer wall and the casing, for
example.

[0032] Having described the general structure of the stator
102, more specific details of the casing 112 may be
described. That is, the structure of the stator 102 using a
casing 112, filler portion 118, and containment element 110
is unique in and of itself. However, further details of the
casing 112 may allow for longer lengths of stator 102 to be
manufactured and constructed, while maintaining sealing
and timing from one section of the stator 102 to the next. For
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example, where 3D printing is used to manufacture the
casing 112 or other portions of the stator 102, there may be
a limit to the length of the casing 112 that may be created due
to printer sizes or other factors. Still further, where injection
molding is used, length limitations may also come into play
based on mold sizes or other factors. As shown in FIGS. 5-8,
the casing 112 may be a segmented design. As shown,
constituent lengths of the stator may be created and may be
strung together to create a longer casing 112, which may be
arranged or positioned within a longer containment element.

[0033] As shown, each end of the casing segments may
include an orientation controlling end component 124A/B.
That is, the component may function as a keyway or timed
key, which controls the orientation in which adjacent seg-
ments may be assembled while also maintaining that orien-
tation during operations. In one or more embodiments, the
end component may include a male 124 A or a female 124B
component configured for securing the segment to an adja-
cent segment. While the segment shown includes a male
component 124A at one end and a female component 124B
at another end, the segments may include male components
124A at each end or female components 124B at each end
where the male-equipped or female-equipped segments may
be alternated during assembly. In either case, and in one or
more embodiments, the length of the segment may be
selected such that the size, shape, and orientation of the
stator cavity 114 is the same at each end such that the joints
between segments are arranged at cyclic locations along the
stator cavity. When assembled, the multiple sections of
casing may establish an uninterrupted, continuous, and
functionally seamless (e.g., quasi-seamless) stator cavity.

[0034] FIGS. 5-7 show an example of a female connection
component 124B of a casing segment. As shown, the end of
the segment may include a raised portion that is raised in the
longitudinal direction around the stator cavity 114. The
raised portion may have a socket 126 defined therein. The
socket may have a particular geometry selected to control
the orientation of the male component. That is, the geometry
may be asymmetrical so as to allow for only one orientation
when connecting. In other embodiments, a single axis of
symmetry may be provided where the male part may be
secured in a first orientation or a second orientation 180
degrees from the first orientation. Other approaches to
controlling and/or managing relative orientation of the parts
may be provided. The socket may be sized to surround the
stator cavity 114 and provide a shelf 128 around the perim-
eter of the stator cavity 114 for abutment with the male
component 124A. The socket 126 may be sized to provide
for a shelf around the full perimeter of the stator cavity 114
and may be selected to accommodate for continued propa-
gation of the orientation of the stator cavity 114 as it moves
through the joint. That is, the raised portion of the female
component 124B may define a joint length along the length
130 of the segment and the continual changing orientation of
the cross-section of the stator cavity 114 may be accommo-
dated throughout the length 130 of the joint. The socket size
and orientation may be selected and/or oversized to accom-
modate this changing orientation.

[0035] FIGS. 5, 6, and 8 show an example of a corre-
sponding male connection component 124A of a casing
segment. As shown, the end of the segment may include an
enlarged portion 132 sized and shaped to fit into the socket
126 of the female component 124B while also allowing the
continuous propagation of the stator cavity shape to pass
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therethrough. The size, shape, and orientation of the stator
cavity 114 of the male component 124A at its outer most end
may match the size, shape, and orientation of the stator
cavity 114 of the female component at the shelf 128 of the
female component 124B. In this manner, the male and
female components may allow for connection of the seg-
ments end to end and the relative rotational orientation of the
stator cavity 114 from one segment to the next segment may
be continuous and functionally seamless. That is, the timing
from one segment to the next segment may be maintained
and continuous along a length of two or more segments
connected end to end. Additionally or alternatively, align-
ment pins may be used to match up and secure segments to
one another. Additionally or alternatively, a seal may be
provided between the segments.

[0036] Referring to FIGS. 2, 3, 4, and 9, an end cap 134
is shown. In one or more embodiments, the end cap 134 may
include a rotor feed alignment cap. That is, the end cap 134
may be configured for fluidly capping the containment
element 110, accommodating feeding of the rotor 108 into
the stator 102, and maintaining the alignment of the rotor
108 during use. Various features of the end cap 134 may help
to perform these functions and the main portions of the end
cap may include an outer cap portion 136 and a plug 138.

[0037] The outer cap 136 portion may have a diameter or
other crossing dimension larger than an outer diameter or
largest crossing dimension of the containment element 110
s0 as to seat against an end of the containment element 110.
The outer cap 136 may be substantially cylindrical or a
square, triangular, or other cross-sectional shape may be
provided. The outer cap 136 may extend away from the
containment element 110 by a length that may be substan-
tially equal to or slightly shorter than the diameter or
crossing dimension of the outer cap portion 136. The outer
cap portion 136 may include a recess 140 in a proximal end
(e.g., end closest to the driving power source or drive shaft).
The recess 140 may be sized and shaped to accommodate a
distal end of a helically shaped rotor 108. In one or more
embodiments, the rotor 108 may have a round cross-section
and the recess may be a shape that is the same or similar to
the cross-sectional shaped of the stator cavity 114. More-
over, the progression of the cross-sectional shape of the
stator cavity 114 may continue through the end cap 134 and
upward and into the outer cap portion 136 so as to continue
the changing orientation of the cavity cross-section of the
stator 108 into the end cap 134.

[0038] The plug portion 138 of the end cap 134 may be
sized for a snug fit within the containment element 110 and,
as such, may seal the end of the containment element 110
against escape of the filler material 118 and the pumped
fluid. The recess in the outer cap portion 136 may continue
through the plug portion 138 as it approaches the stator 102.
For sealing against escape of the pumped fluid, the distal end
of'the plug portion 138 may be sized, shaped, and configured
to engage a male or female end 124A/B of the stator 108
and, as such, may include the same or similar features as a
male or female end 124A/B of a stator segment depending
on which end of an adjacent stator segment the plug is
engaging.

[0039] FIG. 9 shows a longitudinal view of the end cap
134 which depicts the shape of the recess 140 and the
changing orientation of the recess cross-section as it moves
through the end cap. As such, the distal end of the stator may
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reciprocate back and forth across the distal portion of the end
cap when the pump is in use.

[0040] Referring back to FIG. 3, a distal end plug may also
be provided. The distal end plug may be a machined or
printed part and may be welded in place or otherwise
secured. The plug may have one of several shapes which
may change from design to design and may be based on
customer requirements. Still further, one or more accessories
may be provided, which may affect the shape of the end
plug. Still further considerations may be included in deter-
mining the end plug size and shape.

[0041] It is to be appreciated that the segmented nature of
the stator may allow for varying the length of the pump
being constructed by increasing or decreasing the number of
segments used to construct the pump. The containment
element may likewise be sized to accommodate the number
of segments selected. As such, the design may allow for
flexibility in the size and/or length of the pump. Moreover,
the casing of the stator may be constructed of durable
material while excessive cost and weight of the stator may
be avoided by avoiding use of the durable material through-
out the thickness of the stator and to the outer surface.
Rather, a thinner casing may be used, which may be backed
by a lighter filler material to fill out the void space and
extend the full thickness out to the size of the containment
element.

[0042] A method of manufacture 200 may include a pro-
cess of 3D printing the casing. The 3D printing process may
include printing 202 the casing. Printing the casing may also
include printing the support structures and/or printing the
orientation controlling end components such as a male and
a female end, two male ends, or two female ends. The
method of manufacture may also include forming 204 and/or
providing a containment element such as a hollow cylindri-
cal tube. The method of manufacture may also include
placing 206 one or more casing segments end to end and
sealing 208 the joint between the segments by welding,
providing an adhesive, placing a gasket, o-ring, or by
providing another sealing technique. The casing may be
placed 210 within the containment element and a filler
material may be injected, pumped, flowed, or otherwise
placed 212 between the containment element and the casing.
The end cap may be placed 214, which may occur before or
after the addition of the filler material. Where the end cap is
placed before injecting the filler material, injection holes
may be used to inject the filler material and closure 216 of
the filler holes by welding, plugging, or otherwise closing
off the filler holes may be provided. The constructed stator
may then be used to construct 218 a progressive cavity pump
by placing 220 a rotor within the cavity of the stator,
securing 222 the distal end of the rotor to a drive shaft and
securing the drive shaft to a drive system or motor. Several
approaches to providing 224 fluid access to the stator and
rotor may be provided and/or performed.

[0043] Various embodiments of the present disclosure
may be described herein with reference to flowchart illus-
trations and/or block diagrams of methods, apparatus (sys-
tems), and computer program products. Although a flow-
chart or block diagram may illustrate a method as
comprising sequential steps or a process as having a par-
ticular order of operations, many of the steps or operations
in the flowchart(s) or block diagram(s) illustrated herein can
be performed in parallel or concurrently, and the flowchart
(s) or block diagram(s) should be read in the context of the
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various embodiments of the present disclosure. In addition,
the order of the method steps or process operations illus-
trated in a flowchart or block diagram may be rearranged for
some embodiments. Similarly, a method or process illus-
trated in a flow chart or block diagram could have additional
steps or operations not included therein or fewer steps or
operations than those shown. Moreover, a method step may
correspond to a method, a function, a procedure, a subrou-
tine, a subprogram, etc.

[0044] As used herein, the terms “substantially” or “gen-
erally” refer to the complete or nearly complete extent or
degree of an action, characteristic, property, state, structure,
item, or result. For example, an object that is “substantially”
or “generally” enclosed would mean that the object is either
completely enclosed or nearly completely enclosed. The
exact allowable degree of deviation from absolute complete-
ness may in some cases depend on the specific context.
However, generally speaking, the nearness of completion
will be so as to have generally the same overall result as if
absolute and total completion were obtained. The use of
“substantially” or “generally” is equally applicable when
used in a negative connotation to refer to the complete or
near complete lack of an action, characteristic, property,
state, structure, item, or result. For example, an clement,
combination, embodiment, or composition that is “substan-
tially free of” or “generally free of” an element may still
actually contain such element as long as there is generally no
significant effect thereof.

[0045] To aid the Patent Office and any readers of any
patent issued on this application in interpreting the claims
appended hereto, applicants wish to note that they do not
intend any of the appended claims or claim elements to
invoke 35 U.S.C. § 112(f) unless the words “means for” or
“step for” are explicitly used in the particular claim.

[0046] Additionally, as used herein, the phrase “at least
one of [X] and [Y],” where X and Y are different compo-
nents that may be included in an embodiment of the present
disclosure, means that the embodiment could include com-
ponent X without component Y, the embodiment could
include the component Y without component X, or the
embodiment could include both components X and Y. Simi-
larly, when used with respect to three or more components,
such as “at least one of [X], [Y], and [Z],” the phrase means
that the embodiment could include any one of the three or
more components, any combination or sub-combination of
any of the components, or all of the components.

[0047] In the foregoing description various embodiments
of'the present disclosure have been presented for the purpose
of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise form
disclosed. Obvious modifications or variations are possible
in light of the above teachings. The various embodiments
were chosen and described to provide the best illustration of
the principals of the disclosure and their practical applica-
tion, and to enable one of ordinary skill in the art to utilize
the various embodiments with various modifications as are
suited to the particular use contemplated. All such modifi-
cations and variations are within the scope of the present
disclosure as determined by the appended claims when
interpreted in accordance with the breadth they are fairly,
legally, and equitably entitled.
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What is claimed is:

1. A stator for a progressive cavity pump, comprising:

a containment element with an inner surface; and

a casing arranged within the containment element, gen-

erally isolated from the inner surface of the contain-
ment element, and defining a stator cavity adapted for
receiving a progressive cavity pump rotor and for
accommodating substantially free rotation of the pro-
gressive cavity pump rotor therein.

2. The stator of claim 1, wherein the stator cavity has a
substantially constant cross-sectional shape with a continu-
ally changing orientation.

3. The stator of claim 2, wherein the casing comprises a
plurality of segments.

4. The stator of claim 3, wherein the segments include an
orientation controlling end component.

5. The stator of claim 4, wherein the orientation control-
ling end component comprises at least one of a male end
component and a female end component.

6. The stator of claim 4, wherein the orientation control-
ling end component comprises a longitudinal length and the
substantially constant cross-sectional shape and the continu-
ally changing orientation thereof is maintained along the
longitudinal length and through the orientation controlling
end component.

7. The stator of claim 1, wherein the casing is supported
in general isolation from the containment device by the
support structures.

8. The stator of claim 1, further comprising support
structures extending from an outer surface of the casing and
configured for supporting the casing within the containment
element.

9. The stator of claim 1, further comprising filler arranged
between the casing and the inner surface of the containment
element.

10. The stator of claim 9, wherein the casing comprises a
metallic material and the filler comprises an elastomer
material.

11. A progressive cavity pump, comprising:

a drive system;

a progressive cavity pump rotor flexibly coupled to the

drive system and rotationally operable by the drive
system; and
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a stator comprising:

a containment element with an inner surface; and

a casing arranged within the containment element,
generally isolated from the inner surface of the
containment element, and defining a stator cavity
adapted for receiving the progressive cavity pump
rotor and for accommodating substantially free rota-
tion of the progressive cavity pump rotor therein.

12. The pump of claim 11, wherein the stator cavity has
a substantially constant cross-sectional shape with a con-
tinually changing orientation.

13. The stator of claim 12, wherein the casing comprises
a plurality of segments.

14. The stator of claim 13, wherein the segments include
an orientation controlling end component.

15. The stator of claim 14, wherein the orientation con-
trolling end component comprises a longitudinal length and
the substantially constant cross-sectional shape and the
continually changing orientation thereof is maintained along
the longitudinal length and through the orientation control-
ling end component.

16. A method of manufacturing a progressive cavity pump
stator, comprising:

printing a casing defining a stator cavity adapted for

receiving a progressive cavity pump rotor and for
accommodating substantially free rotation of the pro-
gressive cavity pump rotor therein;

arranging the casing within a containment element.

17. The method of claim 16, wherein printing the casing
further comprises printing an orientation controlling end
component with the casing.

18. The method of claim 17, wherein printing the casing
comprises printing a plurality of segments of the casing and
assembling the plurality of segments end to end to form the
casing.

19. The method of claim 16, wherein printing the casing
further comprises printing support structures adapted for
supporting the casing within the containment element.

20. The method of claim 16, further comprising placing
filler material between the casing and the containment
element.



