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(57) Abrégé/Abstract:

A submersible pump assembly (11) includes a seal section (19) connected to a motor (17), the seal section having a housing (25)
with an outboard bearing (35) at a housing pump end (27) in radial supporting engagement with a drive shaft (33). An inboard
bearing (39) is also in the housing pump end and in radial supporting engagement with the shaft. A barrier fluid chamber (77) in the
housing pump end contains a barrier fluid (79). A primary shaft seal (41) is located within the barrier fluid chamber and seals the
barrier fluid chamber from motor lubricant (56). A secondary shaft seal (43) is mounted in the barrier fluid chamber between the
primary shaft seal and the outboard bearing. The secondary shaft seal seals the barrier fluid in the barrier fluid chamber from well

fluid exterior of the housing pump end.

C ana dg http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - http:/cipo.ge.ca

OPIC - CIPO 191

OPIC

CA 3112571 C 2023/08/01

neEn 3 112 571

12 BREVET CANADIEN
CANADIAN PATENT
13 C



wo 2020/061227 A1 | HIUH 0000 KO Y00 00 0

CA 03112571 2021-03-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
26 March 2020 (26.03.2020)

(10) International Publication Number

WO 2020/061227 Al

WIPO I PCT

(51) International Patent Classification:

E21B 43/12 (2006.01) F04D 29/046 (2006.01)
E21B 33/02 (2006.01) F04D 29/10 (2006.01)
F04D 13/10 (2006.01) E21B 17/02 (2006.01)
F04D 29/06 (2006.01)

(21) International Application Number:
PCT/US2019/051784

(22) International Filing Date:
18 September 2019 (18.09.2019)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/734,179
62/855,060

20 September 2018 (20.09.2018) US
31 May 2019 (31.05.2019) us

(71) Applicant: BAKER HUGHES OILFIELD OPER-
ATIONS LLC [US/US]; 17021 Aldine Westfield Road,
Houston, Texas 77073 (US).

Inventors: SEMPLE, Ryan; Baker Hughes Oilfield Oper-
ations LLC, 17021 Aldine Westfield Road, Houston, Texas
77073 (US). TANNER, David, Baker Hughes Oilfield
Operations LLC, 17021 Aldine Westfield Road, Houston,
Texas 77073 (US). MARTINEZ, Ignacio; Baker Hugh-
es Oilfield Operations LLC, 17021 Aldine Westfield Road,
Houston, Texas 77073 (US).

(72)

(74) Agent: HUNZIKER, Robin et al.; 300 NE 9th Street, Ok-

lahoma City, Oklahoma 73104 (US).
(81)

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,

(54) Title: ISOLATED CHAMBER FOR MECHANICAL FACE SEAL LEAKAGE IN SUBMERSIBLE WELL PUMP ASSEMBLY

IANWAY

—239

SN
:

FIG. 3

(57) Abstract: A submersible pump assembly (11) includes a seal section (19) connected to a motor (17), the seal section having a
housing (25) with an outboard bearing (35) at a housing pump end (27) in radial supporting engagement with a drive shaft (33). An
inboard bearing (39) is also in the housing pump end and in radial supporting engagement with the shaft. A barrier fluid chamber (77)
in the housing pump end contains a barrier fluid (79). A primary shaft seal (41) is located within the barrier fluid chamber and seals
the barrier fluid chamber from motor lubricant (56). A secondary shaft seal (43) is mounted in the barrier fluid chamber between the
primary shaft seal and the outboard bearing. The secondary shaft seal seals the barrier fluid in the barrier fluid chamber from well fluid

exterior of the housing pump end.
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Isolated Chamber for Mechanical Face Seal Leakage in Submersible Well Pump
Assembly

Field of Disclosure

[0001] The present disclosure relates to electrical submersible well pump assemblies, and
in particular to mechanical face shaft seals within an isolated barrier fluid chamber to
mitigate well fluid contamination with motor lubricant, and inboard and outboard bearings to

maintain the shaft straight in the shaft seal area.
Background

[0002]  Electrical submersible pumps (ESP) are commonly used in hydrocarbon producing
wells. An ESP includes a pump driven by an electrical motor filled with a motor lubricant.
A seal section connected between the motor and the pump has a shaft seal to retard the entry
of well fluid into contamination with the motor lubricant. The shaft seal is normally a
mechanical face seal. The seal section also typically has a pressure equalizer that reduces a
pressure differential between the motor lubricant and exterior well fluid. Radial bearings at

the upper and lower ends of the seal section provide radial support for the shafft.

[0003] These seal sections work well. However, a small amount of well fluid tends to leak
past the shaft seal into contamination with the motor lubricant. Well fluid within the interior

of the motor can be very damaging.

Summary

[0004] A submersible pump assembly has a motor for driving a pump of the pump
assembly. The motor contains a dielectric motor lubricant. A seal section operatively
connects to the motor. The seal section has a housing having a housing motor end, a housing
pump end, and a longitudinal axis. A coaxial shaft in the housing is driven by the motor. A
motor lubricant equalizing chamber is in an annular space around the shaft axially between
the housing pump end and the housing motor end. A motor lubricant equalizer in the motor
lubricant equalizing chamber reduces a pressure differential between well fluid admitted to
the motor lubricant equalizing chamber and the motor lubricant in the motor. An outboard
bearing in the housing pump end is in radial supporting engagement with the shaft. An
inboard bearing in the housing pump end is axially spaced from the outboard bearing and in

radial supporting engagement with the shaft. A primary shaft seal in the housing pump end is
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in sealing engagement with the shaft, the primary shaft seal being axially between the
outboard bearing and the inboard bearing.

[0005] A motor lubricant communication passage extends from the motor through the
housing motor end, the motor lubricant equalizing chamber, into the housing pump end,
through the inboard bearing and to a motor lubricant side of the primary shaft seal.

[0006] In one embodiment, the outboard bearing is rigidly mounted in the housing pump
end. In that embodiment, the inboard bearing is mounted in the housing pump end for limited
radial compliant movement relative to the housing pump end.

More specifically, the housing pump end has an outboard receptacle and an inboard
receptacle in a shaft passage extending through the housing pump end. The outboard bearing
comprises an outboard bushing rigidly mounted within the outboard receptacle for non-
rotation within the outboard receptacle. The inboard bearing comprises an inboard bushing in
non-rotating engagement with the inboard receptacle. A resilient member between a
circumferential exterior of the inboard bushing and a circumferential interior of the inboard
receptacle allows limited radial movement of the inboard bushing within the inboard
receptacle.

[0007] The resilient member may be an annular elastomeric member deformed between a
circumferential exterior of the inboard bushing and the inboard receptacle. The elastomeric
member allows limited radial movement of the inboard bushing within the inboard
receptacle.

[0008] In the embodiment shown, a barrier fluid chamber containing a barrier fluid is in
the housing pump end. The shaft extends through the barrier fluid chamber. The primary
shaft seal is located within the barrier fluid chamber and seals the barrier fluid in the barrier
fluid chamber from the motor lubricant. A secondary shaft seal is mounted in the barrier
fluid chamber between the primary shaft seal and the outboard bearing. The secondary shaft
seal seals the barrier fluid in the barrier fluid chamber from well fluid exterior of the housing
pump end. A barrier fluid equalizer has one side in contact with the barrier fluid in the
barrier fluid chamber for reducing a pressure differential between the barrier fluid and well
fluid on the exterior of the housing pump end. The barrier fluid may have a higher specific
gravity than the motor lubricant.

[0009] The primary and secondary shaft seals may be mechanical face seals that are

inverted relative to each other.
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[0010] The barrier fluid equalizer may be a bellows with a spring rate and configuration to
apply a positive pressure to the barrier fluid chamber that is greater than well fluid pressure

on the exterior of the housing pump end.

Brief Description of the Drawings
[0011] Fig. 1is a side view of an electrical submersible pump (ESP) having a seal section

in accordance with this disclosure.
[0012] Fig. 2 is an axial sectional view of the seal section of Fig. 1.
[0013] Fig. 3 is a sectional view of an upper portion of the seal section of Fig. 2.

[0014] While the disclosure will be described in connection with the preferred
embodiments, it will be understood that it is not intended to limit the disclosure to that
embodiment. On the contrary, it is intended to cover all alternatives, modifications, and

equivalents, as may be included within the scope of the disclosure.

Detailed Description

[0015] The method and system of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown.
The method and system of the present disclosure may be in many different forms and should
not be construed as limited to the illustrated embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey its scope to those skilled in the art. Like numbers refer to like elements
throughout. In an embodiment, usage of the term “about” includes +/~ 5% of the cited
magnitude. In an embodiment, usage of the term “substantially” includes +/- 5% of the cited

magnitude.

[0016] It is to be further understood that the scope of the present disclosure is not limited
to the exact details of construction, operation, exact materials, or embodiments shown and
described, as modifications and equivalents will be apparent to one skilled in the art. In the
drawings and specification, there have been disclosed illustrative embodiments and, although
specific terms are employed, they are used in a generic and descriptive sense only and not for

the purpose of limitation.

Date Recue/Date Received 2022-07-27
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[0017]  Fig. 1 illustrates an electrical submersible well pump (ESP) 11 of a type commonly
used to lift hydrocarbon production fluids from wells. ESP 11 has a centrifugal pump 13
with intake ports 15 for drawing in well fluid. Pump 13 could be made up of several similar
pumps secured together in tandem by threaded fasteners or bolts, with intake ports 15 being
in the lowermost pump. Intake ports 15 could also be in a separate module connected to
pump 13. Further, if a rotary gas separator is employed below pump 13, intake ports 15

would be in the gas separator.

[0018]  An electrical motor 17 is operatively mounted to and drives pump 13. Motor 17
contains a dielectric motor lubricant for lubricating the bearings within. A pressure equalizer
or seal section 19 communicates with the lubricant in motor 17 and with the well fluid for
reducing a pressure differential between the lubricant in motor 17 and the exterior well fluid.
In this example, the pressure equalizing portion of seal section 19 locates between motor 17
and pump intake ports 15. Alternately, the pressure equalizer portion of seal section 19 could
be located below motor 17, and other portions of seal section 19 could be above motor 17.
The terms “upward,” “downward,” “above,” “below” and the like are used only for

convenience as ESP 11 may be operated in other orientations, such as horizontal.

[0019] A string of production tubing 21 suspended within casing 23 supports ESP 11. In
this example, pump 13 discharges into production tubing 21. Alternately, coiled tubing could
support ESP 11, in which case pump 13 would discharge into the annulus around the coiled
tubing. Motor 17 in that case would be located above pump 13. The power cable for motor

17 would be within the coiled tubing instead of alongside production tubing 21.

[0020] Referring to Fig. 2, seal section 19 has a tubular housing 25 that includes a head or
pump end 27 and a base or motor end 29, each secured by threads to the tubular portion of
housing 25. When connected into ESP 11 (Fig. 1), housing pump end 27 will be closer to
pump 13 than it is to motor 17 and may be directly connected to the end of pump 13 having
intake ports 15. Similarly, housing motor end 29 will be closer to motor 17 than it is to pump
13 and may be connected directly to motor 17. Alternately, housing motor end 29 could be
connected to another seal section in tandem or to other pressure equalizing portions of seal
section 19. In this example, housing pump end 27 comprises an upper portion 27a and a

lower portion 27b, secured together by threads.
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[0021] Housing 25 has a longitudinal axis 31 extending concentrically through housing
pump end 27 and housing motor end 29. A drive shaft 33 with splined ends is rotated by
motor 17 (Fig. 1) and extends along axis 31 through shaft passages 34 in housing pump end
27 and housing motor end 29. An outboard bearing 35 radially supports shaft 33 at the upper
end of housing pump end 27. A motor end bearing 37 radially supports shaft 33 at the lower
end of housing motor end 29. In this embodiment, an inboard bearing 39 in pump end 27

below outboard bearing 35 also provides radial support for shaft 33.

[0022]  Also, in this embodiment, a primary shaft seal 41 and a secondary shaft seal 43
seal around shaft 33 within housing pump end 27. Both primary shaft seal 41 and secondary
shaft seal 43 are located axially between outboard bearing 35 and inboard bearing 39 in this

embodiment.

[0023] Housing 25 has a motor lubricant equalizing chamber 45 located between housing
pump end 27 and housing motor end 29. A well fluid port 47 admits well fluid into motor
lubricant equalizing chamber 45. Motor lubricant equalizing chamber 45 has an equalizer,
which in this example comprises a flexible bag or container 49. Alternately, bellows or
labyrinth tubes and other labyrinth arrangements may serve as equalizers. The lower end of
bag 49 seals to housing motor end 29, and the upper end of bag 49 is in a sealing arrangement

with housing pump end 27.

[0024] A guide tube 51 extends coaxially through bag 49 around shaft 33. Guide tube 51
has a lower end sealed to housing motor end 29 around shaft passage 34. Guide tube 51 has
an upper end sealed to housing pump end 27 around the portion of shaft passage 34 in
housing pump end 27. Guide tube 51 has a larger inner diameter than an outer diameter of
shaft 33, creating a shaft annulus 53 between shaft 33 and guide tube 51. In this example,
one or more guide tube ports 55 extend through the side wall of guide tube 51 near housing

pump end 27.

[0025]  Motor lubricant 56 in motor 17 (Fig. 1) is free to flow along a communication path
into the interior of bag 49. The communication path passes through housing motor end
bearing 37, shaft annulus 53 and guide tube ports 55. The communication path also allows
motor lubricant 56 to pass through inboard bearing 39 up to primary shaft seal 41. Bag 49
will substantially equalize the pressure of motor lubricant 49 in motor 17 with the hydrostatic

well fluid pressure.



CA 03112571 2021-03-11

WO 2020/061227 PCT/US2019/051784

[0026]  Referring to Fig. 3, which more clearly illustrates the upper portion of seal section
19, threaded bolt holes 57 may be formed in the upper portion 27a of housing pump end 27
for connecting seal section 19 to another module, such as pump 13 (Fig. 1). Alternately, the

connection could be made by a rotatable threaded collar.

[0027]  Shaft passage 34 has an outboard bearing receptacle 59 formed at the upper end of
housing pump end portion 27a. In this embodiment, outboard bearing 35 comprises a
bushing that rigidly fits, such as by a press or interference fit, within outboard bearing
receptacle 59. Outboard bearing 35 may be formed of a hard, wear resistant material such as
tungsten carbide. Shaft 33 has an outboard bearing sleeve 61 secured for rotation to it, such
as by a key and slot arrangement. Outboard bearing sleeve 61 is in rotating, sliding
engagement with the inner diameter of outboard bearing 35. Outboard bearing sleeve 61 may

also be formed from a hard, wear resistant material.

[0028]  Similarly, shaft passage 34 has an inboard bearing receptacle 63 formed at the
lower end of housing pump end portion 27b. In this embodiment, inboard bearing 39
comprises a bushing that fits with radial compliance in inboard bearing receptacle 63. That
is, inboard bearing 39 can move radially a limited amount relative to inboard bearing
receptacle 63. An inboard bearing sleeve 65, secured to shaft 33 for rotation therewith,
rotates slidingly within inboard bearing 39. Inboard bearing 39 and inboard bearing sleeve
65 also may be formed of a hard material such as tungsten carbide. The outer diameter of
inboard bearing 39 is selected to be less than the inner diameter of inboard receptacle 39 to
accommodate this compliant radial movement. One or more resilient members 67 are located
between the outer diameter of inboard bearing 39 and the inner diameter of inboard bearing
receptacle 63. In this example, resilient members 67 comprise two elastomeric rings

encircling inboard bearing 39. Resilient members 67 could seal as well, but need not do so.

[0029] In this embodiment, primary and secondary shaft seals 41, 43 are mechanical face
seals that may be conventional and identical to each other. Each shaft seal 41, 43 has a non-
rotating base 69, which is a circular, flat disc mounted for non-rotation in a portion of shaft
passage 34. Each shaft seal 41, 43 has a retainer 71 rigidly attached to shaft 33 for rotation
therewith. A diaphragm or boot 73, which may be a metal bellows, joins a runner 75 to
retainer 71. Diaphragm 73 is resilient and urges runner 75 against base 69 in a sliding and

sealing engagement.



CA 03112571 2021-03-11

WO 2020/061227 PCT/US2019/051784

[0030] Also, in this embodiment, shaft seals 41, 43 are inverted relative to each other.
That is, base 69 of secondary shaft seal 43 is secured in a counterbore in passage 34 a short
distance below outboard bearing 35. Base 69 of secondary shaft seal 43 is thus above
retainer 71 of secondary shaft seal 43. Base 69 of primary shaft seal 41 is secured in a
counterbore in passage 34 a short distance above inboard bearing 39. Base 69 of primary
shaft seal 41 is thus below retainer 71 of primary shaft seal 41. The retainers 71 of shaft seals

41, 43 are closely spaced to each other but need not touch.

[0031] In this embodiment, part of shaft passage 34 within housing pump end 27
comprises a barrier fluid chamber 77. Both primary and secondary shaft seals 41, 43 are
located within barrier fluid chamber 77. Barrier fluid chamber 77 is formed in this example
by mating engagement of housing pump end upper portion 27a with housing pump end lower
portion 27b. Barrier fluid chamber 77 could alternately be formed in other ways, such as by
additive manufacturing or three-dimensional printing of housing pump end 27 instead of

having separate upper and lower portions 27a, 27b.

[0032] A blocking or barrier fluid 79 will be introduced into barrier fluid chamber 77 prior
to installing ESP 11. Barrier fluid 79 could be the same as motor lubricant 56, but in this
embodiment barrier fluid 79 is a different dielectric liquid, one having a higher specific
gravity than well fluid or motor lubricant 56. The greater density and weight than well fluid
plus relative immiscibility causes the well fluid to tend to float on top of the barrier fluid 79.
One suitable type of barrier fluid 79 is a perfluoropolyether (PFPE) oil. PFPE has a specific
gravity of 1.94. In this embodiment, barrier fluids 79 having a specific gravity of at least 1.2
are preferred. Motor lubricant 56 typically has a specific gravity of about 0.84 to 0.86. The
specific gravities of well fluids range from 0.78 (API 50 degrees) to 1. 00 (API 10 degrees).
The lower specific gravity is for light crude oil, and the higher specific gravity is for water or

extra heavy crude oil.

[0033] The sliding engagement of runner 75 against base 69 of secondary shaft seal 43
seals against the entry of well fluid into barrier fluid chamber 77. However, some leakage of
well fluid past secondary shaft seal 43 may occur, contaminating the purity of barrier fluid
79. The sliding engagement of runner 75 against base 69 of primary shaft seal 41 seals
against the entry of barrier fluid 79 into contact with motor lubricant 56 in shaft passage 34,

providing a second barrier to well fluid contamination with motor lubricant 56.
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[0034]  Primary shaft seal 41 defines a lower or motor end of barrier fluid chamber 77, and
secondary shaft seal 43 defines an upper or pump end of barrier fluid chamber 77. The
exteriors of diaphragms 73 of both shaft seals 41, 43 are immersed in barrier fluid 79 in this
embodiment. The interior of diaphragm 73 of secondary shaft seal 43 is filled with well
fluid. The interior of diaphragm 73 of primary shaft seal 43 is filled with motor lubricant 56.

[0035] Barrier fluid chamber 77 includes a barrier fluid bellows chamber 81. In this
example, barrier fluid bellows chamber 81 is offset from axis 31 and in communication with
barrier fluid chamber 77 by a barrier fluid passage 83. Barrier fluid passage 83 may comprise
a gap between a lower side of pump end upper portion 27a and an upper side of pump end

lower portion 27b.

[0036] A small resilient bellows 85 moves between contracted and extended positions
within barrier fluid bellows chamber 81. In this embodiment, a port 87 leads to the interior of
bellows 85 from the portion of motor lubricant equalizing chamber 45 containing well fluid.

Bellows 85 may be a flexible, metal canister with corrugated sides and a closed upper end.

[0037] In this embodiment, bellows 85 is in a partially or fully compressed state when
ESP 11 is installed in the well. The spring rate of bellows 85 is selected to cause a positive
pressure in barrier fluid bellows chamber 81 and barrier fluid chamber 77. The positive
pressure, which may be up to 10 psi, causes barrier fluid chamber 77 to have a slightly higher
pressure than well fluid pressure exterior of seal section 19. The positive pressure will also be
slightly higher than the pressure of motor lubricant 56 in bag 49. The positive pressure in
barrier fluid chamber 77 minimizes well fluid intrusion into barrier fluid chamber 77 due to
leakage past secondary seal 43. The low positive pressure also minimizes leakage of barrier

fluid 79 out of barrier fluid chamber 77 past primary and secondary seals 41, 43.

[0038]  Alternately, it is feasible to select a spring rate for bellows 85 that causes bellows
85 to be in an extended position when ESP 11 is lowered into the well, rather than contracted.
This arrangement would create a slightly negative pressure in barrier fluid chamber 77, less
than the hydrostatic pressure of well fluid on the exterior. A slightly negative pressure in
barrier fluid chamber 77 when ESP 11 is first lowered into the well would possibly extend the

operating range of pressures and temperatures that barrier fluid chamber 77 could operate in.

[0039] As an alternate to the interior of bellows 85 being filled with well fluid, porting

from the portion of shaft passage 34 containing inboard bearing 39 could provide motor
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lubricant 56 to the interior of bellows 87. If so, during operation, as motor 17 heats motor
lubricant 56, the expansion of motor lubricant 56 may create a slight bias to keep barrier fluid
chamber 77 at a slightly higher pressure than the well fluid in the well bore. This slightly
higher pressure during operation tends to prevent well fluid from leaking inward past
secondary seal 43 into barrier fluid chamber 77. In this alternative, bellows 85 would likely

not be arranged to create a positive pressure in barrier fluid chamber 77.

[0040] A check valve 89, which may be conventional, is located in a check valve passage
91 that leads from shaft passage 34 between primary shaft seal 41 and inboard bearing 39.
Check valve passage 91 has an outlet in motor lubricant equalizing chamber 45. After ESP
11 is deployed, operating motor 17 causes motor lubricant 56 to heat and expand. The
expansion forces excess motor lubricant 56 in bag 49 out check valve 89 into lubricant

equalizing chamber 45, which is open to well fluid.

[0041] During operation, outboard and inboard bearings 35, 39 provide support for shaft
33 to maintain the straightness of shaft 33 where sealed by primary and secondary shaft seals
41, 43. The radial compliance of inboard bearing 39 accommodates slight variances in the
straightness of this portion of shaft 33. Outboard bearing 35 will be immersed in well fluid,
and inboard bearing 39 will be immersed in motor lubricant 56. Secondary shaft seal 43 seals
against the entry of well fluid into barrier fluid chamber 77. Primary shaft seal 41 seals
against the entry of barrier fluid 79 into motor lubricant 56. The isolated barrier fluid

chamber 77 will contain substantially any leakage of well fluid past secondary shaft seal 43.

[0042] In the embodiment described, the high specific gravity of barrier fluid 79 causes
well fluid that may leak into barrier fluid chamber 77 to gravitate to the top of barrier fluid
chamber 77, further reducing the chance for well fluid to come into contact with motor
lubricant 56. Because of the lower specific gravity of the motor lubricant 56, any well fluid
that manages to enter bag 49 tends to settle in the lower portion of bag 49. Well fluid
accumulating in the lower portion of bag 49 would have to migrate upward to port 55 of
annulus 53 in order to reach motor 17. The lighter weight of motor lubricant 56 reduces the
chances for upward migration of well fluid. In the embodiment described, the positive
pressure applied by barrier fluid equalizer 85 to barrier fluid chamber 77 further reduces the

chances for well fluid to leak past secondary seal 73 into barrier fluid chamber 79.
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[0043] The present disclosure described herein, therefore, is well adapted to carry out the
objects and attain the ends and advantages mentioned, as well as others inherent therein.
While only a few embodiments of the disclosure have been given for purposes of disclosure,
numerous changes exist in the details of procedures for accomplishing the desired results.
These and other similar modifications will readily suggest themselves to those skilled in the

art, and are intended to be encompassed within the scope of the appended claims.

10
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WHAT IS CLAIMED IS:

1. A submersible pump assembly, comprising:

a motor for driving a pump of the pump assembly, the motor containing a
dielectric motor lubricant;

a seal section operatively connected to the motor, the seal section
comprising;

a housing having a housing motor end, a housing pump end, and a
longitudinal axis;

a coaxial shaft in the housing that is driven by the motor;

a motor lubricant equalizing chamber axially between the housing
pump end and the housing motor end,;

a motor lubricant equalizer in the motor lubricant equalizing chamber
for equalizing pressure of well fluid admitted to the motor lubricant equalizing chamber
and the motor lubricant in the motor;

an outboard bearing comprising an outboard bushing and that is in the
housing pump end in radial supporting engagement with the shaft;

an inboard bearing comprising an inboard bushing and that is in the
housing pump end, axially spaced from the outboard bearing, and in radial supporting
engagement with the shaft;

a primary shaft seal in the housing pump end in sealing engagement
with the shaft, the primary shaft seal being axially between the outboard bearing and
the inboard bearing;

an outboard receptacle in the housing pump end having the outboard
bushing mounted within;

an inboard receptacle in the housing pump end having the inboard
bushing mounted within; and

a resilient member between a circumferential exterior of the inboard
bushing and the inboard receptacle, the resilient member allowing limited radial

movement of the inboard bushing within the inboard receptacle.

11
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2. The assembly according to claim 1, further comprising:
a motor lubricant communication passage extending from the motor through
the housing motor end, the motor lubricant equalizing chamber, into the housing pump

end, through the inboard bearing and to a motor lubricant side of the primary shaft seal.

3. The assembly according to claim 1, wherein:
the outboard bearing is rigidly mounted in the housing pump end; and
the inboard bearing is mounted in the housing pump end for limited radial

compliant movement relative to the housing pump end.

4, The assembly according to claim 1, further comprising:

a barrier fluid chamber in the housing pump end, the shaft extending through
the barrier fluid chamber, the barrier fluid chamber containing a barrier fluid;

the primary shaft seal being located within the barrier fluid chamber and
sealing the barrier fluid in the barrier fluid chamber from the motor lubricant; and

a secondary shaft scal mounted in the barmrier fluid chamber between the
primary shaft seal and the outboard bearing, the secondary shaft seal sealing the barrier

fluid in the barrier fluid chamber from well fluid exterior of the housing pump end.

5. The assembly according to claim 1, further comprising:

a barrier fluid chamber in the housing pump end, the shaft extending through
the barrier fluid chamber, the barrier fluid chamber containing a barrier fluid;

the primary shaft seal being located within the barrier fluid chamber and
sealing the barrier fluid in the barrier fluid chamber from the motor lubricant;

a secondary shaft scal mounted in the barrier fluid chamber between the
primary shaft seal and the outboard bearing, the secondary shaft seal sealing the barrier
fluid in the barrier fluid chamber from well fluid exterior of the housing pump end; and
wherein

the barrier fluid has a higher specific gravity than the motor lubricant.

6. The assembly according to claim 1, further comprising:
a barrier fluid chamber in the housing pump end, the barrier fluid chamber

containing a barrier fluid, the primary shaft seal being within the barrier fluid chamber
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and defining a motor end of the barrier fluid chamber, the motor end of the barrier fluid
chamber being within the housing pump end;

a secondary shaft seal mounted in the barrier fluid chamber between the
primary shaft seal and the outboard bearing, the secondary shaft seal sealing the barrier
fluid in the barrier fluid chamber from well fluid on the exterior of the housing pump
end and defining a pump end of the barrier fluid chamber; and

a barrier fluid equalizer having one side in contact with the barrier fluid in
the barrier fluid chamber.

7. The assembly according to claim 1, further comprising:

a barrier fluid chamber in the housing pump end, the barrier fluid chamber
containing a barrier fluid, the primary shaft seal being within the barrier fluid chamber
and defining a motor end of the barrier fluid chamber, the motor end of the barrier fluid
chamber being within the housing pump end;

a secondary shaft seal mounted in the barrier fluid chamber between the
primary shaft seal and the outboard bearing, the secondary shaft seal sealing the barrier
fluid in the barrier fluid chamber from well fluid on the exterior of the housing pump
end and defining a pump end of the barrier fluid chamber;

a barrier fluid equalizer having one side in contact with the barrier fluid in
the barrier fluid chamber and an opposite side for contact with well fluid; and

wherein each of the primary and secondary shaft seals comprise mechanical

face seals that are inverted relative to each other.

8. The assembly according to claim 1, further comprising:

a barrier fluid chamber in the housing pump end, the barrier fluid chamber
containing a barrier fluid, the primary shaft seal being within the barrier fluid chamber
and defining a motor end of the barrier fluid chamber, the motor end of the barrier fluid
chamber being within the housing pump end;

a secondary shaft seal mounted in the barrier fluid chamber between the
primary shaft seal and the outboard bearing, the secondary shaft seal sealing the barrier
fluid in the barrier fluid chamber from well fluid on the exterior of the housing pump

end and defining a pump end of the barrier fluid chamber;
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a barrier fluid bellows having one side in contact with the barrier fluid in the
barrier fluid chamber and an opposite side for contact with well fluid; wherein

the barrier fluid bellows is movable between a contracted and an extended
position; and

the barrier fluid bellows has a spring rate selected to apply a positive pressure
to the barrier fluid chamber that is greater than well fluid pressure on the exterior of the

housing pump end.

9. A submersible pump assembly, comprising:
a motor for driving a pump of the pump assembly;
a dielectric motor lubricant in the motor;
a seal section operatively connected to the motor, the seal section
comprising;
a housing having a housing motor end,
a housing pump end, and
a longitudinal axis;
a shaft in the housing that is driven by the motor;
a motor lubricant equalizing chamber in the housing between the housing
pump end and the housing motor end;
amotor lubricant equalizer in the motor lubricant equalizing chamber;
a barrier fluid chamber in the housing pump end, the barrier fluid chamber
containing a barrier fluid,;
mechanical face primary and secondary shaft seals located within the barrier
fluid chamber; and
a barrier fluid equalizer having one side in contact with the barrier fluid in
the barrier fluid chamber for equalizing pressure of the barrier fluid and well fluid on

the exterior of the housing pump end.

10.  The assembly according to claim 9, further comprising a guide tube
in the motor lubricant cqualizing chamber, the guide tube surrounding the shafft,

defining a shaft annulus between the guide tube and the shaft.

11.  The assembly according to claim 10, further comprising a lubricant

communication path for the motor lubricant leading from the motor through the shaft
14

Date Recue/Date Received 2022-07-27



65173-6

annulus to the primary shaft seal, which seals the barrier fluid in the barrier fluid
chamber from the motor lubricant and defines a motor end of the barrier fluid chamber;
the secondary shaft seal being farther from the motor lubricant equalizing chamber than
the primary shaft seal, the secondary shaft seal sealing the barrier fluid in the barrier

fluid chamber from well fluid exterior of the housing pump end.

12.  The assembly according to claim 9, further comprising:

an outboard bearing in the housing pump end in radial supporting
engagement with the shaft; and

an inboard bearing in the housing pump end, axially spaced from the
outboard bearing, and in radial supporting engagement with the shaft;

the primary and secondary shaft seals being axially located between the
inboard and outboard bearings;

the inboard bearing being in the motor lubricant communication path and
immersed in the motor lubricant; and

the outboard bearing adapted to be immersed in well fluid exterior of the

housing pump end.

13.  The assembly according to claim 12, wherein:
the outboard bearing is rigidly mounted in the housing pump end; and
the inboard bearing is mounted for limited radial compliant movement

relative to the housing pump end.

14.  The assembly according to claim 9, wherein:

the barrier fluid equalizer is movable between a contracted and an extended
position and is biased toward the extended position; and

the barrier fluid equalizer is configured to be in the contracted position when
the assembly is first lowered into a well so as to apply a positive pressure to the barrier
fluid chamber that is greater than well fluid pressure on the exterior of the housing pump

end.

15. A submersible pump assembly, comprising:
a pump;

a motor containing a dielectric motor lubricant;
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a seal section operatively connected between the pump and the motor, the
seal section comprising:

a housing having a housing motor end, a housing pump end, and a
longitudinal axis;

a coaxial shaft in the housing that is driven by the motor;

a motor lubricant equalizing chamber in the housing between the
housing pump end and the housing motor end,;

a motor lubricant equalizer in the motor lubricant equalizing
chamber;

an outboard bearing in the housing pump end in radial supporting
engagement with the shaft;

an inboard bearing in the housing pump end, axially spaced from the
outboard bearing and in radial supporting engagement with the shaft;

a barrier fluid chamber in the housing pump end axially between the
outboard bearing and the inboard bearing, the shaft extending through the barrier fluid
chamber, the barrier fluid chamber containing a barrier fluid;

shaft seals located within the barrier fluid chamber in sealing
engagement with the shaft axially between the inboard and outboard bearings; and

a barrier fluid equalizer having one side in contact with the barrier
fluid in the barrier fluid chamber for equalizing pressure of the barrier fluid and well

fluid on the exterior of the housing pump end.

16.  The assembly according to claim 15, wherein:

the barrier fluid has a higher specific gravity than the motor hubricant.

17.  The assembly according to claim 15, further comprising:

an outboard receptacle in the housing pump end and an inboard receptacle in
the housing pump end; wherein,

the outboard bearing comprises an outboard bushing of a carbide material,
the outboard bushing being rigidly mounted within the outboard receptacle for non-
rotation within the outboard receptacle;

the inboard bearing comprises an inboard bushing in non-rotating

engagement with the inboard receptacle; and

16
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aresilient member between a circumferential exterior of the inboard bushing
and a circumferential interior of the inboard receptacle, the resilient member allowing

limited radial movement of the inboard bushing within the inboard receptacle.

18.  The assembly according to claim 15, wherein:

the shaft seals comprise mechanical face primary and secondary shaft seals,
and wherein each of the primary and secondary shaft seals comprises a mechanical face
seal having a runner that rotates with the shaft and is urged by a diaphragm against a
non-rotating base; the base of the primary shaft seal is closer to the inboard bearing than
the diaphragm of the primary shafi seal; and

the base of the second shaft seal is closer to the outboard bearing than the

diaphragm of the secondary shaft seal.

19.  The assembly according to claim 18, further comprising:

a motor lubricant communication path for the motor lubricant leading from
the motor through the motor lubricant equalizing chamber and the inboard bearing to
the primary shaft seal, which seals the barrier fluid in the barrier fluid chamber from
the motor lubricant and defines a motor end of the barrier fluid chamber; the secondary
shaft secal being farther from the motor lubricant equalizing chamber than the primary
shaft seal, the secondary shaft seal sealing the barrier fluid in the barrier fluid chamber
from well fluid exterior of the housing pump end and defining a pump end of the barrier
fluid chamber, and wherein,

the barrier fluid equalizer is movable between a contracted and an extended
position and biased toward the extended position; and

the barrier fluid equalizer is configured to be in the contracted position when
the assembly is first lowered into a well so as to apply a positive pressure to the barrier
fluid chamber that is greater than well fluid pressure on the exterior of the housing pump

end and greater than a motor lubricant pressure of motor lubricant within the motor.
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