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ABSTRACT

The present invention provides a submersible motor
and pump system for use in a wellbore. More specifically,
the present invention provides a submersible 5ystem having a

5 sealed motor and a magnetic coupling to transmit torgque from

the sealed motor to the pump.
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SEALED ESP MOTOR SYSTEM

This application is a divisional of Canadian Patent
Application No. 2,414,691 filed on December 18, 2002 and

claim priority from therein.

FIELD OF THE INVENTION
S The present invention relates generally to pumping systems
utilized in raising fluids from wells, and particularly to a-

submersible pumping system having a sealed motor.

'BACKGROUND OF THE INVENTION

In prodgcing'pétroleum.and_other useful fluids from
10 production wells, it is genefally known to provide a submersible
- pumping system, such as an electric submersible pumping system
(ESP), for‘raisin§~thé fiuids.collected in a well. Typically,
production fluids enter a wellbore via perforatiéns made iﬁ-a-
well casing adjacent a production,formaﬁion. Fluids contained in

tlS the formation collect in the. wellbore and may be raised by.the

pumping system to a collection poiﬁt above the eérthfs surface.
The ESP systems can algq be used to move the fluid from one zone

to another.

An ESP system is generally comprised of a motor section, a
20 pump section, and a protector. Current motor designs requlire -
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clean oil, not only to minimize magnetic losses, but also to
provide appropriate lubrication in the hydrodynamic bearings
that support the rotor. Contamination of the clean oil leads to
short circuit which is one of the most common failure modes in

electric motors used in ESP applications.

The protector of a typical ESP system provides an elaborgte
seal intended to maintain the clean oil environment separate
from the well fluid. One end of the protector is open to the
well bore, while the other end is connected to the interior of
the motor. Existing protectors have the common purpose\of
forming.a,barrier between the motor oil and the'weil fluid.
Circumstances such‘as thermal cycling, mechanical seal failures,
wear, or scale cén result in a malfunction of the protector.

Such malfunction allows well fluid to reach the motor resuiting -

in an electrical short circuit.
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According to one aspect of the present invention,
there is provided a system for use in a wellbore,
compriging: a motor in communication with an expansion
chamber to substantially equalize the internal pressure of

5 the motor with the external pressure of the wellbore, the
motor further having a motor shaft rotatable about an axis
to drive a plurality of magnets arranged in axially spaced
rings disposed about the axis; and a pump having a pump
shaft coupled to a plurality of driven magnets arranged in

10 axially spaced rows concentric with the plurality of magnets
to form a magnetic coupling, the dynamic stability of the
magnetic coupling being enhanced by an intermediate bearing
support having at least two intermediate bearings radially
spaced and concentric with each other; wherein rotation of

15 the motor shaft 1in the plurality of magnets causes rotation

of the plurality of driven magnets to operate the pump.

According to another aspect of the present
invention; there is provided a submersible pumping system
for deployment in a well, comprising: a submersible pump; a
20 motor located within a housing sealed from contamination
with well fluids; and a magnetic coupling adapted to
magnetically drive the submersible pump via the motor,
wherein the dynamic stability of the magnetic coupling is
enhanced by an intermediate bearing support having three

25 intermediate bearings concentric with each other at the same

axial position.

According to still another aspect of the present
invention, there is provided a sealed motor system for use
in a submersible pumping system, comprising: a motor; a
30 motor housing adapted to seal the motor from the surrounding
environment; a submersible pump; a magnetic coupling
intermediate the motor and the submersible pump, wherein the

magnetic coupling is adapted to transmit torgque to the
2a
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submersible pump by magnetic fields acting through the motor
housing; and a protector disposed between the magnetic

coupling and the submersible pump.

According to yet another aspect of the present
invention, there 1s provided a system to transmit torque
from a motor to a pump for pumping well fluids, comprising:

a motor-side housing affixed to the motor; a motor-side

shaft rotatably driven by the motor; a motor-side rotor

affixed to the motor-side shaft and having at least one
permanent magnet affixed thereto; a protective shell affixed
to the motor-side housing and adapted to seal the motor,
motor-side shaft and the motor-side rotor from the
surrounding well fluids; a pump-side housing affixed to the
pump; a pump-side shaft adapted to drive the pump; a pump-
side rotor affixed to the pump-side shaft and having at
least one permanent magnet affixed thereto; wherein the at
least one permanent magnet affixed to the motor-side rotor
interacts with the at least one permanent magnet affixed to
the pump-side rotor to create a magnetic field that
transmits through the protective shell to enable synchronous
transmission of torque from the motor-side shaft to the
pump-side shaft; and a pressure and volume compensation

device coupled to the pump side housing.

According to a further aspect of the present
invention, there is provided a system, comprising: a motor
sealed from well fluids by a protective housing; a motor
shaft within the protective housing having a plurality of
magnets affixed thereto and arranged in axially spaced
rings; a pump having a pump housing; pump rotor located
outside the protective housing and having a plurality of
magnets affixed thereto in axially spaced rings that are
magnetically linked to the magnets affixed to the motor

shaft; wherein rotation of the motor shaft causes the pump
2b
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rotor to rotate; and an expansion chamber to substantially
equalize the internal pressure of the motor with the

external pressure of the wellbore, the plurality of magnets
affixed to the motor shaft being rotatable about an axis to

drive the plurality of magnets affixed to the pump rotor.

According to yet a further aspect of the present
invention, there is provided a method of pumping well fluids
using a sealed motor, comprising: providing a motor sealed
from well fluids by a proteétive shell; providing a pump
adapted to pump fluids and located outside of the protective
shell; and providing between the motor and the pump a
magnetic coupling adapted to transmit torque generated by
the motor to the pump by use of magnetic fields acting
through the protective shell; maintaining pressure within
the motor substantially equal to pressure in the wellbore:
and providing dynamic stability at the magnetic coupling
with an intermediate bearing support having at least two
intermediate bearings radially spaced and concentric with

each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front elevational view of a

submersible pumping system positioned in a wellbore and
having an embodiment of the sealed motor system of the

present invention.

FIG. 2 provides a side view of an embodiment of

the magnetic coupling of the sealed motor system.

2C
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FIG. 3 provides an end view of an embodiment of the

magnetic coupling of the sealed motor system.

FIG. 4 provides an end view of an embodiment of the
magnetic coupling of the sealed motor system in which the

permanent magnets are enclosed by a thin metal sleeve.

FIG. 5 provides a perspective view of an embodiment of the
motor-side rotor and the pump-side rotor of the magnetic
coupling in which the permanent magnets are enclosed by a thin

metal sleeve.

FIG. 6 provides an illustration of an embodiment of the
sealed motor allowing for the thermal expansion of the motor

oil.

FIG. 7 provides an illustration of another embodiment of

- the sealed motor allowing for the thermal expansion of the motor

oll.

FIG. 8 provides an illustration of another embodiment of

the sealed motor allowing for the thermal expansion of the motor

oil.

Non-Provisional Application 3
Sealed ESP Motor System
Dkt: 68.0281
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FIG. 9 provides an illustration of yet another embodiment

of the sealed motor allowing for the thermal expansion of the

motor oil.

FIG. 10

illustrates an embodiment of the magnetic coupling

of the sealed motor system having a plurality of magnets mounted

along the motor-side shaft.

FIG. 11
intermediate

sealed motor

FIG. 12
intermediate

sealed motor

FIG. 13
intermediate

sealed motor

FIG. 14

sealed motor

provides a schematic of one embodiment of an

bearing support of the magnetic coupling of the

system.

provides a schematic of another embodiment of an

bearing support of the magnetic coupling of the

systemnm.

provides a schematic of another embodiment of an

bearing support of the magnetic coupling of the

system.

provides an illustration of an embodiment of the

system where the magnetic coupling 1s integral with

the sealed motor and the protector.

Non-Provisional Application 4
Sealed ESP Motor System

Dkt: 68.0281
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring generally to FIG. 1, a submersible pumping

system, such as an electric submersible pumping system (ESP),

having an embodiment of the sealed motor system 10 of the
present invention is illustrated. The submersible pumping systém
may comprise a variety of components depending on the particular
application or environment in which it is used. The sealed motor
system 10 used therein includes at least a submersible pump 12

and a suhmersible sealed motor 14.

The submersible pumping system 1s designed for deployment

in a well 16 within a geological formation 18 containing

desirable production fluids, such as petroleum. In a typical
application, a wellbore 20 is drilled and lined with a wellbore
casing 24. The submersible system is deployed within wellbore 20

to a desired location for pumping of wellbore fluids.

The sealed motor system 10 includes a variety of additional

components. A protector 26 serves to transmit torque generated

by the mdtor 16 to the submersible pump 12. The protector 26

additionélly includes thrust bearings designed to carry the
thrust loads generated within the submersible pUmp 12. The
system 10 further includes a pump intake 28 through which

wellbore fluids are drawn into the submersible pump 12.

Non—-Provisional Application 5
Sealed ESP Motor System
Dkt: 68.0281
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The submersible pumping system also 1ncludes a connector or

discharge head 30 by which the submersible pumping system is
connected to a deployment system 32. The deployment system 32
may comprise a cab;e, coil tubing, or production tubing. In the
illustrated embodiment, the deployment system 32 comprises
production tubing 34 through which the wellbore fluids are
pumped to another zbne or to the surface of the earth. A power
¢éble 36 is disposed along the deployment system 32 and routed
to a bulkhead 38 within the housing of the sealed motor 14 to
proVide power thereto. In one embodiment, the bulkhead 38 1is a

glass sealed bulkhead.

In an embodiment of the sealed motor system 10 of tﬁe
present invention, a magnetic coupling 40 is affixed between the
sealed motor 14 and the protector 26. The magnetic coupling 40
enables torque generated by the sealed motor 14 to be
transmitted to the protector 26 and the pump 12 while

maintaining the motor 14 in a separate, sealed housing. In other

words, the magnetic coupling 40 removes the necessity ot

mechanical interaction between the motor shaft and the shaft of
the protector 26 or the pump 12. The torque generated by the
sealed motor 14 is transmitted to the protector 26 and the pump

12 by magnetic fields acting thfough the sealed motor casing.

Non-Provisional Application 6
Sealed ESP Motor System
Dkt: 68.0281
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FIGS. 2 and 3 provide side and end views, respectively, of

an embodiment of the magnetic coupling 40 of the sealed motor
system 10. The magnetic coupling 40 1s generally comprised of a
motor-side housing 42 and a pump-side housing 44. The motor-side
housing 42 is affixed to the motor housing 46 of the motor 14
such that the motor 14 remains sealed from the surrounding
wellbore‘fluids. In one exemplary embodiment, the motor-sidg

housing 42 is affixed to the motor housing 46 by welds 48.

The motor-side housing 42 has a motor-side shaft 50 running
therethrough. The motor-side shaff 50 is rotatably driven by the
sealed motor 14. In a typical embodiment, the motor-side shaft
50 is affixed to the motor shaft (not shown). Permanent magnets
52, arranged 1in rihgs, are méunted.to the motor-side shaft 50 by
a motor-side rotor 54. The permanent magnets 52 rotate along

with the motor-side shaft 50.

Affixed to the top end 56 of the motor-side housing 42 is a
thin-walled shell 58. The shell 58‘covers the ﬁotor—side shaft
50 as well as the permanent magnets 52, arranged in rings,
affixed thereto. The thin-walled shell 58 is affixed to the
motor-side housing 42 such that the motor 14 remains sealed. In

one exemplary embodiment, the thin-walled shell 58 is affixed to

the motor-side housing 42 by welds 60.

Non-Provisional Application 7
Sealed ESP Motor System
Dkt: 68.0281
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In one embodiment, the thin-walled shell 58 is made of a
high strength non-magnetic material such as Hastelloy or

titanium. In other embodiments, to avoid high eddy current

losses, the thin-walled shell 58 can be made of a non-conducting

high performance composite material such as carbon-reinforced

polyetheretherketone (PEEK) .

The pump-side housing 44 has a pump-side shaft 62 running
therethrough. In a typical embodiment, the pump-side shaft 62 is
affixed to the pump shaft (not shown). Affixed to the base of
the pump-side shaft 62 is a pump-side rotor 64 that has
permanenf magnets 66 mounted theréto. Rotation of the pump-side
rotor 64 resﬁlts in rotétion of.the pump-side shait 6£'and

consequentially the pump shaft.

o

In one embodiﬁent, the permanent magnets 52, 66 are made
from materials with a high density of magnetic energy such as
neodymium.iron~b6ron or samarium cobalt. The permanent magnets
52, 66 are closely aligned and the distance from the magnets 52,
66 to the shell 58 1is small to reduce.magnetic losses. FIGS. 4
and 5 1llustrate an embodiment of the magnetic coupling 40 of
the sealed motor system 10 in which the magnets 52, 66 can be
enclosed by thin metal sleeves 53, 67 to provide mechanical

protection and corrosion resistance. FIG. 4 provides a side view

8
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and FIG. 5 provides a perspective view of the motor-side rotor

54 and the pump-side rotor 64 having the thin metal sleeves 53,
67. The sleeves 53, 67 can be made of a thin non-magnetic
material and will produce no Eddy current losses since there 1is

no relative motion with respect to the magnets 52, 56.

Referring back to FIG. 2, the permanent magnets 52 within

 the motor-side housing 42 along with the permanent magnets 66 in

the pump-side housing 44 act to create a magnetic field that

~ enables the synchronous transmission of the rotating motion from

the motor-side shaft 50 to the pump-side shaft 62.

As the motor-side shaft 50 is rotated by operation of the
sealed motor 14, the motor-side rotor 54 rotates along with the
affixed permanent magnets 52. Because the permanent magnets 52
of the motor-side rotor 54 are magnetically linked to the
permanent magnets 66 of the pump-side rotor 64, the pump-side
rotor 64 1s forced to rotate resulting in rotation of the pump-
side shaft 62 and the affixed pump shaft. The magnetic field
runs through the thin-walled shell 58, eliminating any need for
mechanical connection between the motor-side shaft 50 and the

pump-side shaft 62, enabling the motor 14 to remain completely

sealed.

Non—-Provisional Application 0
Sealed ESP Motor System
Dkt: €8.0281
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Because the maénetic coupling 40 is a non-contact coupling,
the dynamics of the motor-side components and the pump-side
components are isolated. In other words, dynamic or vibration

problems existing in the sealed motor 14 are not transmitted to

the pump 12, and vice versa.

Although the magnetic coupling 40 does not require any
specific fluid to operate, the presence of solids 1n the small
gap 68 ﬁhat exists between the thinrwalled‘shell 58 and the
pump-side rotor 64 can create additional friction compromising
the power capability of the magnetic coupling 40. Because the
components of the magnetic coupling 40 that are located within

the pump-side housing 44 are likely to be exposed to well fluid,

'a metallic knitted mesh 70, or other screen, is provided as a

means to stop solids from reaching the small gap 68 in the

coupling.

It is understood that the above conéern does not exist
within the motor-side housing 42. The motor-side housing 42 1is
filled with clean o0il 72 and is sealed from exposure to the .
surrounding well fluids to avoid contamination. However, good

circulation of the o0il 72 may be required to remove heat from

the coupling.

Non-Provisional Application 10
Sealed ESP Motor System
Dkt: 68.0281
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FIG. 6 provides an 1llustration of an embodiment of the

sealed motor 14 of the sealed motor system 10 allowing for the
thermal expansion of the motor oil 72. As illustrated, such
expansion is accommodated by the inclusion of a pressurized
expansion chamber 74 affixed to the base 76 of the sealed motor
14. A fluid channel 78 extends therethrough the base 76 to
enab}e communication between the sealed motor 14 and the

expansion chamber 74.

Located within the expansion chamber 74, 1s a flexible
element 80, sucﬁ as an elastomeric bag, that is attached to the
base 76 of the sealed motér 14. The flexible element 80 1is
surrounded by pressuiized gas 82 while its interior 84 is in
commuﬁication with the motor oil 72 through\the fluid channel
78. In cold conditions, the pressure of the gas 82 keeps the
flexible element 80 in its compressed state. When the
temperature rises, the thermal expansion of the oil 72 Qvercoﬁgs

the pressure of the gas 82 and the flexible element 80 expands.

Another embodiment of the sealed motor 14 of the sealed
motor system 10 allowing for thermal expansion of the motor oil
72 is illustrated in FIG. 7. In this embodiment, the thermal

expansion 1s accommodated by the inclusion of a metal bellows 86

Non-~-Provisional Application 11
Sealed ESP Motor System
Dkt: 68.0281
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housed within the pressurized expansion chamber 74 that is

affixed to the base 76 of the sealed motor 14.

On the motor-side of the bellows 86, the bellows 86 is
exposed to the motor o0il 72. On the other side of the bellows

S 86, the bellows 86 is exposed to wellbore fluid via the wellbore
fluid inlet 88. A metal mesh screen 890 is provided préximate the

fluid inlet 88 to keep large debris from interfering with the

flexures of the bellows 86.

The bellows 86 expands and compresses in response.to the

10 fluid pressure of the o0il 72 and the well fluid so as to
effectively equalize the pressure. As such, the bellows 86

minimizes the net fluid pressure forces acting on the components

of the sealed motor 14.

Another embodiment of the sealed motor 14 of the sealed
15 motor system 10 using a bellows 86 to allowing for thermal
expansion of the motor oil 72 is illustrated schematically in
FIG. 8. In this embodiment, an expansion chamber 75 is affixed
to the base 76 of the sealed motor 14. A fluid channel 78

extends therethrough the base 76 to enable communication between

200 the sealed motor 14 and the expansion chamber 75.

Non—-Provisional Application 1)
Sealed ESP Motor System
Dkt: 68.0281
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Located within the expansion chamber 75 is the bellows 86.
The expansion chamber 75 protects the bellows 86 from the
surrounding wellbore fluid such that the exterior of the bellows
86 is only 1in contact with the motor o0il 72 contained within the
sealed motor 14. The interior of the bellows 86 is filled with

clean oil 73.

A flexible element 80 is affixed to the base of the bellows
86 such that the interior of the flexible element 80 is in
communication with the clean oil 73 contained within the
interior of the bellows 86. The exterior of the-flexible element

80 1s in communication with the surrounding wellbore fluid.

The bellows 86 expands and compresses in response to the
fluid pressure of the oil 72, 73 and the fluid pressure of the
surrounding wellbore fluid acting on the exterior of the
flexible element 80. In this manner, the bellows 86 acts to
effectively equalize the pressure. As such, the bellows 86

minimizes the net fluid pressure forces acting on the components

of the sealed motor 14.

Yet another embodiment of the sealed motor 14 of the sealed
motor system 10 allowing for thermal expansion of the motor oil

72 is illustrated in FIG. 9. In this embodiment, the thermal

Non—-Provisional Application 13
Sealed ESP Motor System
Dkt: 68.0281



10

15

20

CA 02627996 2008-05-01

expansion is accommodated by the inclusion of a piston 92 housed
within the pressurized expansion chamber 74 that is affixed to

the base 76 of the sealed motor 14.

On the motor-side of the piston 92, the piston 92 is

~exposed to the motor oil 72. On the other side of the piston 92,

the piston 92 1s exposed to wellbore fluid via the wellbore
fluid inlet 88. A metal mesh screen 90 is provided proximate the

fluid inlet 88 to keep large debris from interfering with the

action of the piston 92.

The piston 92 1is configured to move in response to the
fluid préssure of the o0il 72 and the well fluid so as to
effectively equalize the pressure. As such, the piston 92

minimizes the net fluid pressure forces acting on the components

of the sealed motor 14.

/

In alternate embodiments, the sealed motor 14 can be filled
with gas instead of motor 0il 72. This removes the necessity of
the expansion chamber 74. Using gas instead of motor oil 72

requlires the use of gas or foil bearings.

Because the diameter of the magnetic coupling 40 employed

by the sealed motor system 10 1s constrained by the size of the

Non-Provisional Application 14
Sealed ESP Motor System
Dkt: 68.0281
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well, to increase the power transmitted by the sealed motor

system 10, the length of the magnetic coupling 40 must be
increased. FIG. 10 illustrates one such extepded length
embodiment is which the magnetic coupling 40 of the sealed motor
system 10 has a plurality of magnets 52, 66 mounted along the

motor-side shaft 50.

The magnetic coupling 40 in this embodiment is again
comprised of a motor-side houéing 42 and a pump-side housing 44.
The motor—side housing 42 1is affixed to the sealed motor 14 by
means, such as welding, that ensure the motor 14 femains sealed

from the surrounding wellbore fluids.

The motor-side shaft 42 runs therethrough the motor-side
housing 42 and is rotatably driven by the sealed motor 14. A
plurality of permanent magnets 52, arranged in rings, are

mounted to the motor-side shaft 50 by a motor-side rotor 54.

Affixed to the top end 56 of the motor-side housing 42 is
the thin-walled shell 58. The shell 58 covers the motor-side
shaft 50 as well as the plurality of permanent magnets 52,

arranged in rings, affixed thereto. The thin-walled shell 58 is

affixed to the motor-side housing 42 such that the motor 14

Non-Provisional Application 18
Sealed ESP Motor System
Dkt: 68.0281
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remains sealed. In one exemplary embodiment, the thin-walled

shell 58 is affixed by welds 60.

As discussed above, the thin-walled shell 58 can be made of
a high strength non-magnetic material such as Hastelloy or
titanium. Likewise, the thin-walled shell 58 can be made of a
non—-conducting high performance composite material such as

carbon-reinforced PEEK.

The pump-side shaft 62 runs through the pump-side housing
44. Affixed to the base of the pump—side shaft62 1s the pump-
side rotor 64 that has a plurality of permanent magnets 66,
arranged 1n rings, mounted thereto. The plurality of permanent
magnets 66 mounted to the pump-side rofor 64 are located at the
same axlal location as the plurality of permanent magnets 52

mounted to the motor-side rotor 54.

The plurality of permanent magnets 52 within the mdtor-side
houSing 14 along with the plurality of permanent magnets 66 in
the pump-side housing 44 act to create a magnetic field that

enables the synchronous transmission of the rotating motion from

the motor-side shaft 50 to the pump-side shaft 62.

Non-Provisional Application 16
Sealed ESP Motor System
Dkt: 68.0281
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As the motor-side shaft 50 is rotated by operation of the
sealed motor 14, the motor-side rotor 54 rotates along with the

affixed plurality of permanent magnets 52. Because the plurality

of permanent magnets 52 of the mbtqr-side rotor 54 are
magnetically linked to the plurality of permanent magnets 66 of
the pump-side rotor 64, the pump-side rotor 64 is forced to
rotate resulting in rotation of the pump-side shaft 62 and the

affixed pump shaft. The magnetic field runs through the thin-

walled shell 58, eliminating any need for mechanical connection
between the motor-side shaft 50 and the pump-side shaft 62,

enabling the motor 14 to remain completely sealed.

The magnetic coupling 40 of the sealed motor system 10 is
typically supported at either end by hydrodynamic bearings, such
as plain journal bearings. Where space permits,*bearings such as
tilt-pad, lemon bore, and offset bearings can be used to

advantage at either end of the magnetic coupling 40.

As the length of the coupling 40 increases to accommodate
higher power requirements of the sealed motor system 10, it may
be necessary to provide one or more intermediate bearing
supports 94 to enhance the dynamic stability of the doupling 40 .

In one embodiment, where space permits, bearings such as tilt-

Non-Provisional Application | 17
Sealed ESP Motor System
Dkt: 68.028;
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pad, lemon bore, and offset bearings can be used to advantage as

the intermediate bearing supports 94.

- In additional embodiments, 1ntermediate bearings supports

94 such as that illustrated in FIG. 11 can be used to enhance
the dynamic stability of the magnetic coupling 40. In this
embodiment, the intermediate bearing Supports 94 are comprised

generally of three intermediate bearings 96, 98, 100.

The first intermediate bearing 96 is located betweén the
rotatable mofor;side shaft 50 and the stationary thin-walled
shell B58. The stationary sleeve 97b of the first intermediate
bearing 96 is affixed to the thin-walled shell 58 while the

rotatable interior surface 97a is located proximate the motor-

side shaft 50.

The second intermediate bearing 98 is located between the
stationary thin-walled shell 58 and the rotatable pump-side
rotor 64 that is connected to the -pump-side shaft 62. The second
intermediate bearing 98 is concentric with the first
intermediate bearing 96 and located at the same axial location.

The statlonary sleeve 99a of the second intermediate bearing 98

1s affixed to the thin-walled shell 58 while its rotatable

Non-Provisional Application 18
Sealed ESP Motor System

. Dkt: 68.0281
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exterior surface 99 is located proximate the pump-side rotor

64.

The third intermediate bearing 100 is located between the

rotatable pump-side rotor 64 and the stationary pump-side

hoﬁsing 44. The third intermediate bearing 100 1s comprised of a

stationary sleeve 101b affixed to the pump-side housing 44 and a
rotating interior surface 10la proximate the pump~side rotor 64.
In the embodiment shown in FIG. 11, the third intermediate
bearing 100 1is located at the same axial location as the-first
and second intermediate bearings 96, 98. However, it should be
understood that the third intermediate bearing 100 can be

located anywhere along the length of the pump-side rotor 64. One

such example is shown in FIG. 12.

Another embodiment of an intermediate bearing support 94 is
described with reference to FIG. 13. In this embodimént,
enhanced stability'of the magnetic coupling 40 is achieved by
creating an elliptical surface in the thin-walled shell 58. The
elliptical shape in the shell 58 can be achieved by using a
bearing 102 having an elliptical hole 104 bored into the bearing
portion 106 that contacts the shell 58. The elliptical shape of

the shell 58 has stabilizing effects similar to hydrodynamic

Non-Provisional Application | 19
Sealed ESP Motor System
Dkt: 68.0281
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bearings that enhance stability (e.g., tilt-pad, lemon bore,

offset bearings).

FIG. 14 provides a schematic illustration of an embodiment
of the sealed motor system 10 where the magnetic coupling 40 1is
integral with the sealed motor 14 and the protector 26. The
internal components of the magnetic coupling 40 remain as
described above, but are not housed within a separate coupling
housing. Rather, the internal components in this embodiment are
housed within the lower portion of the protector housing 10§ and
the upper portion of the motor housing 46. As such, the motor

housing 46 can be affixed directly to the protector housing 108.

One advantage of this embodiment is that the torque is
supplied through the components of the magnetic coupling 40
directly from the motor shaft 110 to the shaft of the protector

112.

In additional embodiments of the sealed motor system 10,

the protector 26 can be eliminated altogether by carrying the

thrust load in either the sealed motor 14 or the pump 12. In
such case, the sealed motor 14 can be affixed directly to the

pump 12.

Non-Provisional Application 20
Sealed ESP Motor System
Dkt: 68.0281
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The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are not to
be regarded as a departure from the spirit ;nd scope of the
invention, and all such are intended to be included within the

scope of the following non-limiting claims.

Non-Provisional Application 21
Sealed ESP Motor System
Dkt: 68.0281
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CLAIMS:

1. A submersible motor and pump system for use in a wellbore,

comprising:
a netor:;

‘& motor shaft rotétéblytdziven by thermotor'gnd'baviﬁq at

least one permanent magnet; -
a pump’
~a pump shaft having at least one permanent magnet;

wherein the motor aﬁaf? and the punp shaft are positioned
. a0 that the at least one pérmanant nagnet éf the motor
shaft is magnetically 'coupléd ‘I:d.»-lt{ie at least
permaneqt'ﬁagng; of-t@g-ppmp ahaft av that ratﬁtiqm af
#ﬁe motor shaft iﬁdﬁg§a fqtation:o! the pump~sh$£t:
aﬁd ) ' | '
'w‘her;.tn the motor and the pump are dispoged within the

wallbore.

22
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2. The system of claim 1, further comprising a shall disposed
betweer. the at least one permanent magnet of the motor shaft and

“the at least one permanent magnet of the pump shalt.

J. The system of claim 2, wvherein the shell prevents fluid

communication therebetween.

4. The systetr of claim 2. whexelin the shell seals the motor

from well fluids. .

5. The syatem of claim 4, furthet: comprising a presgure and

volume dompdnsation device afﬁ.xcd to t;he motor and adapted to

compansate foy varying fluid pzecmﬁ:e within t'hg sealed motor.

6. - The system of claim 5, wherein the pressure and volume
compernsation device is a flexible element housed within a

prassurized chambex.

| 1. The system of claim $; whereir the pressute and volume

compensation device ils.& bellows.

8. The system of claim S, wherein the pressure and valume

conipansation device is a piston.

23
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9, The system of claim 5, wherein the pressure and volume
conpensation device comprises a bellows affixed to a flexible
elémant, the flexible element having an exterior surface in

cbmmﬁnication with wellbore fluid.

10, The system of claim 2, further comprising &n intermediate

beacing disposed betueen the motor shaft and -the shell.

11. .The system of ¢laim 2, fu:ther'compxiéing an intermediate

bearing disposed betwean the ghall and the pwmp shaft.

12. The systam.of claxm.z further campriaing an.intermediate

bearing dispo-tad. between ths pmp shaft and an exterim: hausmg.

'13. & submersible pumping system for dsployment in a well,

comprising:
a submersible pump; and

a mptor.located.within a hausinq~aealed £ rom cont&mination

with weJ.l fluida, and adapted to maqnatically dri.ve-.

. the submersible pump

24
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14. The submersible pumping system Of claim 13, further
comprising a magnetic coupling adapted to transmit torque from .

the motox to the submersible pump.

15, The submersible pumping systetn of ¢laim 14 further
comprising & prdtectox adapted Lo transmit torque from the

- maguatic coupling to the submersible pump.
16. The submersible pumping system of claim 13 furthex
comprising a protactor adapted to transmit  torgue to the

sthue:;s lble pump.

17. The submsrsible pumping system of claim 13 further

comprising thrust bearings.

Is. A Seal.ed motor system for use in a submersible pumping'

system, comprising:
& motor;

a 'qio,tb’r hdusj.n_q adapted to seal the moter fram the

‘surrounding environment;

A s.ul;:titersible plﬁnp; “and

25
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a magnetic ¢oupling adapted to tranamit torque to the

submersible pump by magnetic fields actindg through the

motar howsing.

18. The sealed motor system of claim 18, wherein the motar

housing' conprises a thin-walled shell.

20. The sealed motor aystem of claim 19, wherein the thin-

walled shell is wmade of a high strength non-magnetic matarial.

21. fThe saaled motor system of claim 19, wherein the thins«

walled shell is made of a ;i.on?conducting, composité material,

2. The sesled motor aystem of claim 21, whereln the non-

condiicting cqmpositg mateyial is carbén-rei;nforced PREK.

23. The sealed motor system of claim 18, wherein the magnetic

éouplinq comprises ro'tora housinq ofié Or tare pemanent magnets.
24. & magtetic coupling for use in a submersible ‘pu_nipirig system
to transwit torgue from a motor %o & PP fox patiging well

£ lqida, | cfmprising L

a wmotor-side housing affixed to the mét:’or;‘

26
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a motor-side shaft rotatably driven by the motor;

a motor-side rotor affixed to the motor-side shaft and

having at least one permanéent magnet affixed thereto:

a protective ghell affixed to the motor-s.ide”housing and
adapted to seall the motor, wdtor-side shaft and the

motor-side rotor from the surrounding waell fluids;
& punp-side houéinq affixed to the pump:
- pump?s ide shaft gdapted to driva the pump:

& pump-aide ioicr. affived to the pump-side shaft and having

at least ona pearmanent m&gnat affixed thérato': .a‘nd

v?héréin the at least one -pemnahi: ragnet affiiéd. tc; the
ﬁot@;-sic‘ie\ xotor‘intet;cts. with Che at leﬁt on.e.
'pemanent. maghet a,ffixed to the punp-side tétar té
create’ a magnetic field that transmits through the
-pkot'ac'r.twe.shell to er;'able synchronous transmisgsion of
'toque from the méi;er-s#d'e shaft ro. the pubp-side
shatt. B | |

277
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25. The magnetic coupling of claim 24, wherein the motor-side

housing is welded to the motor.

26. The magnetic coupling of claim 24, wherain the at least one

permanent magnet of the motor-side rotor is ar:nan_éed in rings.

27. The magnetic coupling of claim 24, whexein the protective

shell is made of a high strength, non-magnetic material..

28. .'Ihe’magneﬁic': co;iplirig of cluim 24, whersin .th?e protectlive

shell is made of & non-conducting compusite material..

‘29, The magnetic coupling of clalm 28, wherein the composite

material is carhon-reinforced PEEK.

30. The wagnetic éohpling of claim 24, wheraln the at leést one
pertwanent magnet affixed to the motor-side rotor is enclosed by

a no-nﬂmaqneﬁic. glesve.
31. The magneti.'c ‘coupling of claim 24, wherein the at leéast one
perpnanent magret afflxed ta the pukp-side rotor is encloéed by a

non-magnetic sleave.

32. The magpétic coupling of claim 24, wherein the aeaigd. motor

is filled with clean oil.

28
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53. The magnstic coupling of <¢laim 24, further comprising a
pressure and volume compensating device affixad to the sealed

motor.

- 34. E.magngtic coupling for use in a submersible pumping

system, comprisingi

' a motor sealed from well fluids by & protective housing:

a motor shaft within the protective housing having 2

plufality of magnetsy affixaed Lherelo;

! & pikg having a: pump hHousings
pumb rotoy lqcatéd outaide the pxotectiva‘hanainq'and
having a plurei:}.it'y of magnets affixed thereto
magnatically linked to the magnets affixed to the

 motor shaft; and

wherein rotation of the motor shaft causses the pump rotor

to rotste.

35. -?he‘magnatic‘coupling,Qf dlaimjadf further da@prising one

or more intermediate bearing anp;éorts..

29
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36. The magnatic coupling of

interiiediate bearing supports

37 The magnetic coupling of

inte rmacdiate bearing supports

38. The magnetic coupling of

intermediate bearing supparts

39. -_The magnetic coupling of

intermediate baaf.irxq Aupparts

ciaim 3%, Wherelin the one or more

comprlise tilt-pad bearings.

ciaim 35, wherein the one or

comprise lemon bore b'eaririqs.

claim 39, wharein the one or

conprise offset bearings.

claim 35, wherein the one or

camprisa elliptical-bearinga

adapted to shape the protectitre housing ellz.ptz.c:ally. .

40 ‘!.‘he maqnetic coup:.ing of claim 35.. wherein the orle or 'm'pr.e"

iﬂtérmﬁdlate bearing supports cotprise:

more

more

moER

a firat bear:.ngr locat.ed between the motor Shaft. al'ld the

prot ective hous ing }

& a&cond baaring coaxially al.t.gned with the tirat bearing

and 1o¢ated betwean the protective hou51ng aru:.' the

--pump rotor: and

& third bearing located between the pump rotor apd the pump

 housing.

30
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41. A method 0f'pumping‘uéll fluids using a sealed motor,

comprising:

providing a sotor sealed from well fluids by a protective

shell;

providing a pump adapted to pump fluids and locatédcutside

of the protective shell:'anq

prd#iding é‘m#gnetic.coupliﬁg adﬁgbed_to transmit torque
ganerated by the motor to the pump by uge of magnetic
fields acting through the protective shelkl.
Smarl & Biggae
Patent Agents
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