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(57) Abstract: A positive displacement motor (PDM) is provided comprising an outer housing, a thermoplastic stator and a rotor. The
PDM may additionally include a mechanism that allows the stator to be removable from the PDM when the PDM is not in operation
and resists rotational movement of the stator with reference to a longitudinal axis of the stator and axial movement of the stator along
the longitudinal axis of the stator when the PDM is operating, and a rotor disposed within the stator and configured to rotate within
the stator when a fluid flows through the stator.



10

15

20

25

30

WO 2023/136839 PCT/US2022/012664

POSITIVE DISPLACEMENT MOTOR WITH A THERMOPLASTIC STATOR THAT CAN
BE REPLACEABLE
CROSS-REFERENCE TO RELATED APPLICATION
The present application claims benefit of U.S. Non-Provisional Application No.
17/576,327, filed January 14, 2022, which is incorporated herein by reference in its entirety for
all purposes.

TECHNICAL FIELD
The present disclosure relates generally to an apparatus for rotating a downhole tool to
perform downhole operations in a wellbore. More specifically, though not exclusively, the
present disclosure relates to a positive displacement motor (PDM) with a thermoplastic stator

that can be replaceable.

BACKGROUND

Moving cavity motors, sometimes known as Positive-Displacement Motors (PDM), or
progressive or progressing cavity motors make use of a power generation section which is made
up of a rotor-stator combination. In order to move a rotor, a PDM requires hydraulic power from
a fluid such as a drilling fluid flowing through the power generation section. PDMs work by
trapping fluid in cavities formed in spaces between the rotor and the stator, and the relative
rotation between these components is the mechanism which causes the cavities to progress and
travel axially along the length of the device from the input end to the output end. If the fluid is
pumped into the input end cavity at a higher pressure than that at the outlet end, the forces
generated on the rotor cause it to rotate and the device will be a motor. In some cases, if the rotor
is forced to rotate, fluid is drawn along in the cavities and the device can function as a pump.

In order for the rotor to rotate within the stator and generate cavities that will progress in
an axial direction, the profiles of both components must take specific forms. Typically, the rotor
is a helically shaped shaft. The number of lobes on the rotor can vary from one to any number.
The stator has a profile which complements the shape of the rotor, with the number of lobes
varying between two and any number. In a matching rotor-stator pair, the number of lobes on the
stator is typically one greater than on the rotor. Seals can be maintained between the points of
contact of the rotor and the stator. The seals define a plurality of cavities between the rotor and
the stator and still allow for relative rotation between the rotor and stator.

When drilling fluid is pumped into the power generation section, the cavities act as wedges

under pressure and the resulting forces cause the rotor to move. Given the helical shape of the
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rotor, such an application of force causes the rotor to rotate. This rotation is then transmitted to a
drive shaft and from there on to an appropriate downhole tool depending on the downhole
application.

PDMs are commonly used in drilling operations to circulate the drilling fluid and in a
range of oil andgas  well treatments, such asmilling, drilling, chemical
placement, matrix treatments, and scale removal, among others. However, the applicable service
range of many of these applications is severely limited, due to the general low levels of
compatibility of stator materials with high temperatures and/or exposure to gasses, solvents,

acids, and other corrosive fluids.
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BRIEF DESCRIPTION OF DRAWINGS
Some specific exemplary embodiments of the disclosure may be understood by referring,
in part, to the following description and the accompanying drawings.
FIG. 1A illustrates a cross section of an example design of a PDM, in accordance with one
5 or more embodiments of the present disclosure;
FIG. 1B illustrates a view of the PDM shown in FIG. 1A without the outer housing, in
accordance with one or more embodiments of the present disclosure.
FIG. 2 is a cross-sectional end view of a PDM having a keyed configuration to fix the
stator 112 in position within the outer housing 110, in accordance with one or more
10 embodiments of the present disclosure; and
FIG. 3 illustrates a set screw configuration for securing a stator to an outer housing of a
PDM, in accordance with one or more embodiments of the present disclosure.
While embodiments of this disclosure have been depicted and described and are defined by
reference to exemplary embodiments of the disclosure, such references do not imply a limitation
15  on the disclosure, and no such limitation is to be inferred. The subject matter disclosed is
capable of considerable modifications, alterations, and equivalents in form and function, as will
occur to those skilled in the pertinent art and having the benefit of this disclosure. The depicted
and described embodiments of this disclosure are examples only, and not exhaustive of the scope
of the disclosure.
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DETAILED DESCRIPTION

Many service applications for through-tubing tools require the capability to rotate a lower
tool assembly, by means of a downhole motor. For the broadest range of deployment options,
these motors are preferably flow activated. The most desirable configuration is a Positive
Displacement Motor (PDM) which utilizes a rotor and stator configuration to impart rotation to
the lower tool assembly by means of fluid flow through the power section of the tool. PDMs
provide a suitable range of both torque and rotational speed to be suited for several downhole
cleaning applications. However, existing tools exist only in configurations in which the stator
material is either an elastomeric rubber compound or metal.

Use of elastomeric stator materials severely limit the service range of PDMs, as they are
casily degraded by exposure to acids, solvents, gasses, high temperatures (high temperature
generally identified as being above 300F), or entrained solids. Likewise, the use of metallic
stators is problematic in terms of exposure to acids and entrained solids, in terms of corrosion
and rapid wear.

Furthermore, for both elastomeric and metal stators, the stator profile is either bonded to
the tool housing, or an integral part of the housing, rendering the tools mostly disposable once
the stator profile has become worn or otherwise compromised.

Embodiments of the present disclosure relate to an improved design for a Positive
Displacement Motor (PDM) that addresses the limitations of present PDMs described above. In
one or more embodiments, the stator of the PDM is made of a thermoplastic material that allows
prolonged use in operations with exposure to acids, solvents, gasses, high temperatures, and/or
entrained solids. The design of the PDM as described in embodiments of the present disclosure
further allows for the stator to be easily removable from the PDM assembly which in tum
enables selective and rapid redress or replacement of the stator, improving the overall re-
usability and cost of the tool.

FIG. 1A illustrates a cross section of an example design of a PDM 100, in accordance with
one or more embodiments of the present disclosure. PDM 100 includes a power generation
section 102 having an uphole end 104 and a downhole end 106. The power generation section
102 is used to provide torque for operating a downhole tool (not shown) connected at the
downhole end 106. The downhole tool connected to the downhole end 106 of the PDM 100 may
include, but is not limited to, a jetting tool for cleaning debris built up in tubing or other pipe, a
jetting head which has horizontal ports for cutting tubing, a fishing head utilized to thread into
and remove debris stuck in a wellbore, or other tools which require or are useful with rotation in

a wellbore.
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The power generation section 102 includes a motor housing or outer housing 110 defining
a longitudinal bore therethrough. A stator 112 is disposed in the outer housing 110. The outer
housing 110 may have threads defined at an upper end thereof (¢.g., near the uphole end 104)
which may be connected to an upper connector 140 which is adapted for connection to a coiled
tubing unit or other pipe or tool string. The power generation section 102 further includes a rotor
114 rotatably disposed in the stator 112. Stator 112 and rotor 114 define a longitudinally
extending motor chamber 108, which may also be referred to as a driving chamber 108. As
shown in FIG. 1A, the inner surface of the stator 112 is corrugated such that a helical screw-like
profile is defined therealong. The outer surface of the rotor 114 defines a rounded substantially
helical screw-type profile thereon. The interaction of the rotor 114 with the stator 112 and the
motor chamber 108 forms a plurality of cavitiecs 116 spaced along the length of the motor
chamber 108.

A lower end of the rotor 114, near the downhole end 106 of the PDM 100, defines a rotor
adapter 156 which is connected to a lower adapter 158 by a U-Joint 160. As shown in FIG. 1A,
the rotor adapter 156, lower adapter 158 and U-Joint 160 form a coupling assembly which
transfers the eccentric rotation of the Rotor 114 to a centralized rotation in the lower adapter 158,
and thus to the downhole tool. In one or more embodiments, the lower adapter 158 may be
connected to a speed controller (e.g., gear reducer) of a type known in the art. The speed
controller is typically used to transmit at least a portion of the torque from the rotor 114 to a
downbhole tool and controls the speed of rotation of the downhole tool.

In one or more embodiments, the stator 112 may be made from a thermoplastic material
which is resistant to high temperatures, acids, gasses, and aromatic solvents. Utilizing a
thermoplastic stator 112 allows for prolonged use in operations with exposure to acids, solvents,
gasses, high temperatures, and/or entrained solids, unlike existing PDM stator designs which are
not capable of extended operation when exposed to these conditions. For example, the
thermoplastic stator 112 may be rated for temperatures of 400° F and above, which facilitates
geothermal wellbore cleanout operations and scale removal in High Pressure-High Temperature
(HPHT) wells. In one embodiment, the stator 112 may be made from a polyether ether ketone
(PEEK) thermoplastic material. Stators made from PEEK thermoplastic material are extremely
resistant to wear and may last significantly longer than existing bonded rubber stators. However,
it may be appreciated that other thermoplastic materials may be used for the stator 112.

Additionally, utilizing a thermoplastic material for the stator 112 allows the stator 112 to
be manufactured using several methods. For example, the stator 112 can be injection molded, 3D

printed or machined out of a solid bar of the material. For example, the stator can be
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manufactured as a single piece including castellated profiles at either end of the stator 112.

The stator 112 may be secured in place within the outer housing 110, by means of
chemical bonding, adhesive, or otherwise permanently affixed, to enable a more simplistic build.
However the design of the PDM 100 described in accordance with embodiments of the present
disclosure provides the ability for the stator 112 to be removable from the outer housing 110.

The stator 112 is fixed in place within the outer housing 110 by an upper retainer 118 and a
lower retainer 120. As shown in FIG. 1B, the stator 112 has a castellated profile at an upper end
126 (near the uphole end 104) and a lower end 122 (near the downhole end 106). The upper
retainer 118 and the lower retainer 120 have castellated profiles that correspond to and match
with the castellated profiles at the upper end 126 and lower end 122 respectively of the stator
112. As shown in FIG. 1B, the castellated profile at a first end of the upper retainer 118 mates
and locks with the matching castellated profile at the upper end 126 of the stator 112. Similarly,
the castellated profile at the first end of the lower retainer 120 mates and locks with the matching
castellated profile at the lower end 122 of the stator 112. Accordingly, the upper retainer 118 and
the lower retainer 120, because of their castellated profiles locked with those of the stator 112,
resist rotation of the stator 112 on its own longitudinal axis (e.g., within the outer housing 110)
when the PDM 100 is in operation. Operation of the PDM 100 may include pumping pressurized
fluid through the motor chamber 108 to force rotation of the rotor 114 within the stator 112. As
further described below, the retainers 118 and 120 also help resist axial movement of the stator
112 along the length of the stator (e.g., within the outer housing 110).

In one or more embodiments, a second end of the upper retainer 118 has a funneled profile
with a stem 119 at the very end. One or more springs 128 may be mounted on the stem 119
positioned between the upper connector 140 and the upper retainer 118. The spring 128 is
compressed when the upper connector 140 is coupled to and tightened against the remaining
PDM assembly downhole from the upper connector 140. The spring 128 allows for variations in
axial stack up of the various parts of the PDM assembly. For example, when the upper connector
140 is coupled to the upper retainer 118 and tightened, a compressive load is applied to the
spring 128 and the assembly below the spring 128. The compressive load allows tension to
remain applied on the stator 112 so that axial movement of the stator 112 along the longitudinal
axis of the stator 112 is resisted. In one embodiment, the spring 128 includes one or more conical
spring washers mounted on the stem 119 of the upper retainer 118 and stacked between the
upper connector 140 and the upper retainer 118.

In one or more embodiments, a second end of the lower retainer 120 also has a castellated

profile that locks with a matching castellated profile on an upper end 152 of a lower housing
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150. Once the PDM 100 is assembled as shown in Figures 1A and 1B and described above, the
stator 112 is locked in place within the outer housing 110, where the retainers 118 and 120 along
with the spring 128 pressed against the stator 112 resist axial movement of the stator 112 (along
the longitudinal stator axis) as well as rotational movement of the stator 112 (with reference to
the longitudinal stator axis) within the outer housing 110.

The outer housing 110 at least covers a portion of the upper connector 140, the spring 128,
the upper retainer 118, the stator 112, the lower retainer 120 and at least a portion of the upper
end 152 of the lower housing 150. In one embodiment, the outer housing 110 is not connected to
the stator 112 and is merely used to help provide a uniform outer diameter for the PDM 100. It
may be noted that FIG. 1B shows the PDM 100 assembly without the outer housing 110. Further,
in FIG. 1B, the spring 128 is shown in its compressed form and the stem 119 is hidden inside the
upper connector 140.

In operation, fluid (¢.g., drilling fluid, cleaning fluid, or other treatment fluid) is pumped
under pressure through a tubing string (or jointed pipe) into the PDM 100. The fluid is forced to
flow through the motor chamber 108 causing rotation of the rotor 114 within the stator 112.
Rotation of the rotor 114 results in rotation of the U-joint assembly 160 which in tum transmits
the rotation to a downhole tool connected below the power generation section 102.

The design of the PDM as described above with reference to Figures 1A and 1B including
the combination of the retainer pieces and the springs allows for the stator to be held in a fixed
position (e.g., no rotational or axial movement) within the outer housing, thus avoiding the need
to bond the stator to the outer housing. Accordingly, the design of the PDM as described in this
disclosure allows the stator to be easily removed from the PDM (e.g., outer housing 110) without
the need to de-bond the stator 112 from the outer housing 110, thus enabling rapid changeout of
the stator. This results in reduced costs associated with the PDM tool in production as well as
redress, as the initial build does not require a bonding process and the stator section alone may
be replaced if needed with the remainder of the tool being re-usable. However, it may be
appreciated by a person having ordinary skill in the art that the stator 112 may also be bonded or
permanently integrated into the outer housing 110.

It may be noted that the stator 112 may be fixed in position within the outer housing 110
by alternative mechanisms. For example, the stator 112 may be held in a fixed position within
the housing 110 through the use of one or more other securing mechanisms including, but not
limited to, a keyed profile to lock the stator in the housing 110, removable set screws, serrated
washers, or any combination thereof. In certain embodiments, one or more of these securing

mechanisms may be used in place of or in combination with the securing mechanism described
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with reference to Figures 1A and 1B including the upper retainer 118, the lower retainer 120 and
spring 128.

In one embodiment, instead of using the upper retainer 118 and the lower retainer 120,
keys may be used in the outer housing 110 to align the stator 112 tangentially and resist
rotational movement of the stator 112 on its own longitudinal axis. For example, the outer
housing 110 may have at least one key protruding from an interior surface of the outer housing
110 that fits into a corresponding key slot on the outer surface of the stator 112, wherein the at
least one key after fitting into the corresponding key slot resists rotational movement of the stator
112 within the outer housing 110. The at least one key may include a longitudinal protrusion
from the interior surface of the outer housing 110 along a longitudinal axis of the outer housing
and the key slot may include a matching longitudinal slot on the surface of the stator 112 that
matches the at least one key.

FIG. 2 is a cross-sectional end view of a PDM having a keyed configuration to fix the
stator 112 in position within the outer housing 110, in accordance with one or more
embodiments of the present disclosure. As shown in FIG. 2, the keyed configuration includes
three keys 202 positioned around the inner circumference of the outer housing 110, which fit into
matching key slots 204 provided on the outer surface of the stator 112. The keys 202 and the
matching key slots 204 may extend longitudinally from one end to the other end of the outer
housing 110 and stator 112 respectively, such that the keys 202 of the outer housing 110 may be
aligned with the corresponding key slots of the stator 112 and the outer housing 110 can be slid
onto the stator 112. While FIG. 2 shows three keys 202 and three matching key slots 204, it may
be appreciated that more or less keys 202 and key slots 204 may be used.

In one embodiment, instead of using castellations provided on either end of the stator 112
and the retainers 118 and 120 to resist rotational movement of the stator 112, serrated washers
may be used at either end of the stator 112 to resist the torque applied to the stator 112 as a result
of the rotating rotor 114. For example, instead of using the upper retainer 118, a serrated washer
may be positioned between the upper connector 140 and the upper end 126 of the stator 112. As
the upper connector 140 is tightened against the stator 112, the teeth of the washer bite into the
stator 112 and resist rotational motion of the stator 112. Similarly, instead of using the lower
retainer 120, a serrated washer may be positioned between the lower end 122 of the stator 112
and the upper end 152 of the lower housing 150 such that the teeth of the washer bite into the
lower end 122 of the stator 112 to resist the rotational movement of the stator. In this case, the
stator 112 does not need to have a castellated profile at either ends.

In an alternative embodiment, instead of a castellated profile, the upper retainer 118 may
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have a toothed profile at the first end, wherein the toothed profile bites into the upper end of the
stator 112 to resist rotational movement of the stator. Similarly, the lower retainer 120 may have
a toothed profile at the first end, wherein toothed profile bites into the lower end of the stator 112
to resist rotational movement of the stator.

In an additional or alternative embodiment, to resist axial movement of the stator 112
along the longitudinal axis, a retaining ring may be used on the upper end 126 of the stator 112.
In another additional or alternative embodiment, a set screw configuration may be used to hold
the stator in place within the outer housing 110 and resist axial movement and rotational
movement of the stator 112 withing the outer housing 110. As shown in FIG. 3, the set screw
configuration may include at least one set screw 302 that passes through the outer housing 110
and into the stator 112, thus locking the stator 112 to the outer housing 110 and resisting
movement of the stator 112 within the outer housing 110. It may be noted that a plurality of set
screws may be used along the length and circumference of the outer housing 110 to enhance the
locking of the stator 112 to the outer housing 110. It may be noted that the retaining ring and/or
set screws may be used in place of or in addition to the spring 128 shown in FIG. 1A.

One or more embodiments of the present disclosure provide a positive displacement motor
(PDM) including an outer housing; a stator positioned in the outer housing, wherein the stator is
made of a thermoplastic material; and a rotor disposed within the stator and configured to rotate
within the stator when a fluid flows through the stator

In one or more embodiments, the PDM further includes a mechanism that allows the stator
to be removable from the PDM when the PDM is not in operation, wherein the mechanism
resists rotational movement of the stator with reference to a longitudinal axis of the stator and
resists axial movement of the stator along the longitudinal axis of the stator when the PDM is
operating.

In one or more embodiments, the mechanism includes a castellated profile provided at each
of an upper end and lower end of the stator; an upper retainer having a castellated profile at a
first end, wherein the castellated profile at the upper end of the stator locks with the castellated
profile at the first end of the upper retainer; and a lower retainer having a castellated profile at
cach of a first end and second end, wherein the castellated profile at the lower end of the stator
locks with the castellated profile at the first end of the lower retainer, wherein the upper retainer
and lower retainer resist the rotational movement and axial movement of the stator.

In one or more embodiments, the stator is a single piece including the castellated profiles at
the upper end and the lower end of the stator.

In one or more embodiments, the mechanism further includes at least one spring positioned
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between an upper connector and a second end of the upper retainer, wherein the at least one
spring is compressed when the second end of the upper retainer is coupled to the upper
connector, wherein the at least one spring provides tolerance for variations in axial stack up of
parts included in the positive displacement motor.

In one or more embodiments, the at least one spring comprises a set of conical spring
washers stacked between the upper connector and the upper retainer.

In one or more embodiments, the mechanism further includes a castellated profile provided
at an upper end of a lower housing, wherein the castellated profile of the lower housing locks
with the castellated profile at the second end of the lower retainer.

In one or more embodiments, the outer housing at least covers the upper retainer, the
stator, the lower retainer and at least a portion of the lower housing at the upper end of the lower
housing.

In one or more embodiments, the mechanism includes at least one key protruding from an
interior surface of the outer housing and that fits into a corresponding key slot on the outer
surface of the stator, wherein the at least one key after fitting into the corresponding key slot
resists the rotational movement of the stator within the outer housing; and at least one set screw
passing through the outer housing into the stator to resist the axial movement of the stator.

In one or more embodiments, the at least one key comprises a longitudinal protrusion from
the interior surface of the outer housing along a longitudinal axis of the outer housing and the
key slot comprises a matching longitudinal slot on the surface of the stator that matches the at
least one key.

In one or more embodiments, the mechanism includes an upper retainer having a toothed
profile at a first end, wherein the toothed profile bites into an upper end of the stator to resist
rotational movement of the stator; and a lower retainer having a toothed profile at a first end,
wherein toothed profile bites into a lower end of the stator to resist rotational movement of the
stator.

In one or more embodiments, the thermoplastic material comprises a polyether ether
ketone (PEEK) thermoplastic material.

One or more embodiments of the present disclosure provide a positive displacement motor
(PDM) including an outer housing; a stator positioned in the outer housing; a mechanism that
allows the stator to be removable from the PDM when the PDM is not in operation and resists
rotational movement of the stator with reference to a longitudinal axis of the stator and axial
movement of the stator along the longitudinal axis of the stator when the PDM is operating; and

a rotor disposed within the stator and configured to rotate within the stator when a fluid flows
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through the stator.

In one or more embodiments, the mechanism includes a castellated profile provided at each
of an upper end and lower end of the stator; an upper retainer having a castellated profile at a
first end, wherein the castellated profile at the upper end of the stator locks with the castellated
profile at the first end of the upper retainer; and a lower retainer having a castellated profile at
cach of a first end and second end, wherein the castellated profile at the lower end of the stator
locks with the castellated profile at the first end of the lower retainer, wherein the upper retainer
and lower retainer resist the rotational movement and axial movement of the stator.

In one or more embodiments, the stator is a single piece including the castellated profiles at
the upper end and the lower end of the stator.

In one or more embodiments, the mechanism further includes at least one spring positioned
between an upper connector and a second end of the upper retainer, wherein the at least one
spring is compressed when the second end of the upper retainer is coupled to the upper
connector, wherein the at least one spring provides tolerance for variations in axial stack up of
parts included in the positive displacement motor.

In one or more embodiments, the at least one spring comprises a set of conical spring
washers stacked between the upper connector and the upper retainer.

In one or more embodiments, the mechanism further includes a castellated profile provided
at an upper end of a lower housing, wherein the castellated profile of the lower housing locks
with the castellated profile at the second end of the lower retainer.

In one or more embodiments, the outer housing at least covers the upper retainer, the
stator, the lower retainer and at least a portion of the lower housing at the upper end of the lower
housing.

In one or more embodiments, the mechanism includes at least one key protruding from an
interior surface of the outer housing and that fits into a corresponding key slot on the outer
surface of the stator, wherein the at least one key after fitting into the corresponding key slot
resists the rotational movement of the stator within the outer housing; and at least one set screw
passing through the outer housing into the stator to resist the axial movement of the stator.

In one or more embodiments, the at least one key comprises a longitudinal protrusion from
the interior surface of the outer housing along a longitudinal axis of the outer housing and the
key slot comprises a matching longitudinal slot on the surface of the stator that matches the at
least one key.

In one or more embodiments, the mechanism includes an upper retainer having a toothed

profile at a first end, wherein the toothed profile bites into an upper end of the stator to resist
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rotational movement of the stator; and a lower retainer having a toothed profile at a first end,
wherein toothed profile bites into a lower end of the stator to resist rotational movement of the
stator.

In one or more embodiments, the stator is made of a thermoplastic material.

In one or more embodiments, the thermoplastic material comprises a polyether ether
ketone (PEEK) thermoplastic material.

One or more embodiments of the present disclosure provide a positive displacement motor
(PDM) including an outer housing; a stator positioned in the outer housing, wherein a castellated
profile is provided at each of an upper end and lower end of the stator; an upper retainer having a
castellated profile at a first end, wherein the castellated profile at the upper end of the stator
locks with the castellated profile at the first end of the upper retainer; a lower retainer having a
castellated profile at each of a first end and second end, wherein the castellated profile at the
lower end of the stator locks with the castellated profile at the first end of the lower retainer,
wherein the upper retainer and lower retainer resist rotational movement of the stator with
reference to a longitudinal axis of the stator and axial movement of the stator along the
longitudinal axis of the stator when the PDM is operating, wherein the stator is removable from
the PDM by unlocking the corresponding castellated profiles of the stator and the upper and
lower retainers; and a rotor disposed within the stator and configured to rotate within the stator
when a fluid flows through the stator.

In one or more embodiments, the stator is a single piece including the castellated profiles at
the upper end and the lower end of the stator.

In one or more embodiments, the PDM further includes at least one spring positioned
between an upper connector and a second end of the upper retainer, wherein the at least one
spring is loaded when the second end of the upper retainer is coupled to the upper connector,
wherein the at least one spring provides tolerance for variations in axial stack up of parts
included in the positive displacement motor.

In one or more embodiments, the at least one spring comprises a set of conical spring
washers stacked between the upper connector and the upper retainer.

In one or more embodiments, wherein the PDM further includes a lower housing having a
castellated profile at an upper end of the lower housing, wherein the castellated profile of the
lower housing locks with the castellated profile at the second end of the lower retainer.

In one or more embodiments, the outer housing at least covers the upper retainer, the
stator, the lower retainer and at least a portion of the lower housing at the upper end of the lower

housing.
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In one or more embodiments, the stator is made of a thermoplastic material.

In one or more embodiments, the thermoplastic material comprises a polyether ether
ketone (PEEK) thermoplastic material.

Therefore, the present disclosure is well adapted to attain the ends and advantages
mentioned as well as those that are inherent therein. The particular embodiments disclosed
above are illustrative only, as the present disclosure may be modified and practiced in different
but equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. Furthermore, no limitations are intended to the details of construction or design herein
shown, other than as described in the claims below. It is therefore evident that the particular
illustrative embodiments disclosed above may be altered or modified and all such variations are
considered within the scope and spirit of the present disclosure. Also, the terms in the claims
have their plain, ordinary meaning unless otherwise explicitly and clearly defined by the
patentee. The indefinite articles “a” or “an,” as used in the claims, are defined herein to mean

one or more than one of the elements that 1t introduces.
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What is claimed is:

1. A positive displacement motor (PDM), comprising:

an outer housing;

a stator positioned in the outer housing, wherein the stator is made of a thermoplastic
material; and

a rotor disposed within the stator and configured to rotate within the stator when a fluid

flows through the stator.

2. The positive displacement motor of Claim 1, further comprising a mechanism that
allows the stator to be removable from the PDM when the PDM is not in operation, wherein the
mechanism resists rotational movement of the stator with reference to a longitudinal axis of the
stator and resists axial movement of the stator along the longitudinal axis of the stator when the

PDM is operating.

3. The positive displacement motor of Claim 2, wherein the mechanism comprises:

a castellated profile provided at each of an upper end and lower end of the stator;

an upper retainer having a castellated profile at a first end, wherein the castellated profile
at the upper end of the stator locks with the castellated profile at the first end of the upper
retainer; and

a lower retainer having a castellated profile at each of a first end and second end, wherein
the castellated profile at the lower end of the stator locks with the castellated profile at the first
end of the lower retainer,

wherein the upper retainer and lower retainer resist the rotational movement and axial

movement of the stator.

4. The positive displacement motor of Claim 3, wherein the stator is a single piece

including the castellated profiles at the upper end and the lower end of the stator.

14
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5. The positive displacement motor of Claim 3, wherein the mechanism further
comprises:

at least one spring positioned between an upper connector and a second end of the upper
retainer, wherein the at least one spring is compressed when the second end of the upper retainer
is coupled to the upper connector, wherein the at least one spring provides tolerance for

variations in axial stack up of parts included in the positive displacement motor.

6. The positive displacement motor of Claim 5, wherein the at least one spring
comprises a set of conical spring washers stacked between the upper connector and the upper

retainer.

7. The positive displacement motor of Claim 3, wherein the mechanism further
comprises:

a castellated profile provided at an upper end of a lower housing, wherein the castellated
profile of the lower housing locks with the castellated profile at the second end of the lower

retainer.

8. The positive displacement motor of Claim 7, wherein the outer housing at least
covers the upper retainer, the stator, the lower retainer and at least a portion of the lower housing

at the upper end of the lower housing.

9. The positive displacement motor of Claim 1, wherein the thermoplastic material

comprises a polyether ether ketone (PEEK) thermoplastic material.

10. A positive displacement motor (PDM), comprising:

an outer housing;

a stator positioned in the outer housing;

a mechanism that allows the stator to be removable from the PDM when the PDM is not
in operation, wherein the mechanism resists rotational movement of the stator with reference to a
longitudinal axis of the stator and resists axial movement of the stator along the longitudinal axis
of the stator when the PDM is operating; and

a rotor disposed within the stator and configured to rotate within the stator when a fluid

flows through the stator.
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11.  The positive displacement motor of Claim 10, wherein the mechanism comprises:

a castellated profile provided at each of an upper end and lower end of the stator;

an upper retainer having a castellated profile at a first end, wherein the castellated profile
at the upper end of the stator locks with the castellated profile at the first end of the upper
retainer; and

a lower retainer having a castellated profile at each of a first end and second end, wherein
the castellated profile at the lower end of the stator locks with the castellated profile at the first
end of the lower retainer,

wherein the upper retainer and lower retainer resist the rotational movement and axial

movement of the stator.

12.  The positive displacement motor of Claim 11, wherein the mechanism further
comprises:

at least one spring positioned between an upper connector and a second end of the upper
retainer, wherein the at least one spring is compressed when the second end of the upper retainer
is coupled to the upper connector, wherein the at least one spring provides tolerance for

variations in axial stack up of parts included in the positive displacement motor.

13.  The positive displacement motor of Claim 11, wherein the mechanism further
comprises:

a castellated profile provided at an upper end of a lower housing, wherein the castellated
profile of the lower housing locks with the castellated profile at the second end of the lower

retainer.

14.  The positive displacement motor of Claim 10, wherein the mechanism comprises:

at least one key protruding from an interior surface of the outer housing and that fits into
a corresponding key slot on the outer surface of the stator, wherein the at least one key after
fitting into the corresponding key slot resists the rotational movement of the stator within the
outer housing; and

at least one set screw passing through the outer housing into the stator to resist the axial

movement of the stator.
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15.  The positive displacement motor of Claim 14, wherein the at least one key
comprises a longitudinal protrusion from the interior surface of the outer housing along a
longitudinal axis of the outer housing and the key slot comprises a matching longitudinal slot on

the surface of the stator that matches the at least one key.

16.  The positive displacement motor of Claim 10, wherein the mechanism comprises:

an upper retainer having a toothed profile at a first end, wherein the toothed profile bites
into an upper end of the stator to resist rotational movement of the stator; and

a lower retainer having a toothed profile at a first end, wherein toothed profile bites into a

lower end of the stator to resist rotational movement of the stator.

17. A positive displacement motor (PDM), comprising:

an outer housing;

a stator positioned in the outer housing, wherein a castellated profile is provided at each
of an upper end and lower end of the stator;

an upper retainer having a castellated profile at a first end, wherein the castellated profile
at the upper end of the stator locks with the castellated profile at the first end of the upper
retainer;

a lower retainer having a castellated profile at each of a first end and second end, wherein
the castellated profile at the lower end of the stator locks with the castellated profile at the first
end of the lower retainer, wherein the upper retainer and lower retainer resist rotational
movement of the stator with reference to a longitudinal axis of the stator and axial movement of
the stator along the longitudinal axis of the stator when the PDM is operating, wherein the stator
is removable from the PDM by unlocking the corresponding castellated profiles of the stator and
the upper and lower retainers; and

a rotor disposed within the stator and configured to rotate within the stator when a fluid

flows through the stator.

18.  The positive displacement motor of Claim 17, further comprising:

at least one spring positioned between an upper connector and a second end of the upper
retainer, wherein the at least one spring is loaded when the second end of the upper retainer is
coupled to the upper connector, wherein the at least one spring provides tolerance for variations

in axial stack up of parts included in the positive displacement motor.
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19.  The positive displacement motor of Claim 17, further comprising:
a lower housing having a castellated profile at an upper end of the lower housing,
wherein the castellated profile of the lower housing locks with the castellated profile at the

second end of the lower retainer.

5
20.  The positive displacement motor of Claim 19, wherein the outer housing at least
covers the upper retainer, the stator, the lower retainer and at least a portion of the lower housing
at the upper end of the lower housing.
10 21.  The positive displacement motor of Claim 17, wherein the stator is made of a

thermoplastic material.

18



PCT/US2022/012664

WO 2023/136839

b1 02T zz1 )
V w w dl DIH
90T _ _ L
¢ \ !
oSt dST <ot 485
N
~
VI DIHA
UONUIP MOJ4
- bZ1 02T NMH <— b @MH w: m:
I 777 Z. 7 I _ m.
90T
Z. 4
1 { t
& ! o ;
ot 25T 0et o1 48! oT1



WO 2023/136839 PCT/US2022/012664

2/2

110

202
204

FIG. 2

302
112 110
L ARy ,

S\ N ANANNANARRANN




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2022/012664

A. CLASSIFICATION OF SUBJECT MATTER

E21B 4/02(2006.01)i; E21B 17/042(2006.01)i; FO4C 2/107(2006.01)i; FO4C 13/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO1C 1/356(2006.01); FO3C 2/08(2006.01)

Minimum documentation searched (classification system followed by classification symbols)

E21B 4/02(2006.01); E21B 21/08(2006.01); E21B 4/04(2006.01); E21B 7/06(2006.01); FO1C 1/107(2006.01);

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

ketone and castellated profile

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: positive displacement motor, housing, stator, rotor, thermoplastic, polyether ether

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2009-0152009 Al (SLAY, JEREMY BUC et al.) 18 June 2009 (2009-06-18)

X paragraphs [0051]-[0072] and figures 1-4 1.9

2-8,10-21

US 2019-0330925 Al (NATIONAL OILWELL DHT, L.P.) 31 October 2019 (2019-10-31)

Y paragraphs [0052], [0084]-[0086] and figures 4, 14, 16, 19, 20 2-8,10-21
CN 104563858 A (ZHEJIANG GREEN NEW MATERIALS CO., LTD.) 29 April 2015 (2015-04-29)

X paragraph [0048]; claims 1, 4; and figures 1-3 1,9
US 2017-0037685 Al (HALLIBURTON ENERGY SERVICES, INC.) 09 February 2017 (2017-02-09)

A paragraphs [0022]-[0052] and figures 1-8 1-21
US 5518379 A (HARRIS, GARY L. et al.) 21 May 1996 (1996-05-21)

A column 5, line 44 - column 9, line 60 and figures 1-8 1-21

D Further documents are listed in the continuation of Box C.

See patent family annex.

«p>» document published prior to the international filing date but later than
the priority date claimed

later document published after the international filing date or priority

*  Special categories of cited documents: >

document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

35208, Republic of Korea
Facsimile No. +82-42-481-8578

06 October 2022 07 October 2022
Name and mailing address of the [SA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon PARK, Tae Wook

Telephone No. +82-42-481-3405

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2022/012664
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 2009-0152009 Al 18 June 2009 AU 2008-343949 Al 09 July 2009
EP 2252768 A2 24 November 2010
MX 2010006839 A 11 August 2010
us 2010-0038142 Al 18 February 2010
WO 2009-085112 A2 09 July 2009
WO 2009-085112 A3 27 August 2009
uUs 2019-0330925 Al 31 October 2019 CA 3098474 Al 31 October 2019
EP 3784862 Al 03 March 2021
EP 3784862 A4 05 January 2022
WO 2019-210329 Al 31 October 2019
CN 104563858 A 29 April 2015 CN 104563858 B 10 July 2018
uUs 2017-0037685 Al 09 February 2017 CA 2042544 Al 05 November 2015
CA 2942544 C 30 June 2020
CN 106164406 A 23 November 2016
GB 2539576 A 21 December 2016
GB 2539576 B 03 February 2021
MX 2016012240 A 09 January 2017
MX 359928 B 16 October 2018
NO 20161447 Al 13 September 2016
RU 2016135929 A 29 May 2018
RU 2673827 C2 30 November 2018
us 10435951 B2 08 October 2019
WO 2015-167458 Al 05 November 2015
uUs 5518379 A 21 May 1996 CA 2181177 Al 20 July 1995
CA 2181177 C 29 November 2005
EP 0736128 Al 09 October 1996
EP 0736128 Bl 12 August 1998
us 5785509 A 28 July 1998
uUs 5833444 A 10 November 1998
WO 05-19488 Al 20 July 1995

Form PCT/ISA/210 (patent family annex) (July 2019)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

