wo 2017/139152 A1 | ]I ONF 00O 0 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/139152 Al

17 August 2017 (17.08.2017) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F04C 13/00 (2006.01) F04C 2/107 (2006.01) kind of national protection available): AE, AG, AL, AM,
F04D 29/041 (2006.01) F04D 13/08 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
F04C 15/00 (2006.01) F04D 29/42 (2006.01) 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,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
PCT/US2017/016033 KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(22) International Filing Date: MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
1 February 2017 (01.02.2017) NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
) RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(25) Filing Language: English TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(26) Publication Language: English ZA,IM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
62/294,061 11 February 2016 (11.02.2016) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: BAKER HUGHES INCORPORATED TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
[US/US]; 14990 Yorktown Plaza Drive, Houston, Texas TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
77040 (US). DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
. LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) ghv:;;o%\gné}zsl} Aron; 13 Sunshine Lane, Pryor, Ok- SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
’ GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agents: HENDRYX, Thomas ct al.; 14990 Yorktown

Plaza Drive, Houston, Texas 77040 (US).

[Continued on next page]

(54) Title: LOAD SHARING SPRING FOR TANDEM THRUST BEARINGS OF SUBMERSIBLE PUMP ASSEMBLY

(57) Abstract: A submersible well pump assembly (15) has upper and

FIG. 3

lower seal sections (19, 20) connected between the pump (21) and a mo-
tor (17). The seal sections have drive shatts (37, 55) with thrust runners
(39, 57) that engage thrust bearing bases (33, 53). The upper drive shaft
will undergo a limited amount of downward movement toward the lower
drive shaft in response to wear of the upper thrust bearing base. A spring
(75) between ends of the drive shafts transters a portion of the down
thrust on the upper drive shaft to the lower drive shaft prior to the lim-
ited amount of downward movement of the upper drive shaft toward the
lower drive shaft being reached. A rigid stop member (71) in the coup-
ling transfers down thrust directly from the upper drive shaft to the lower
drive shaft, bypassing the spring, only after the limited amount of down-
ward movement of the upper drive shaft toward the lower drive shaft has
been reached.
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LOAD SHARING SPRING FOR TANDEM THRUST BEARINGS OF SUBMERSIBLE
PUMP ASSEMBLY

Cross Reference to Related Application:
[0001] This application claims priority to provisional application S.N.

62/294,061 filed February 11, 2016.

Field of the Disclosure:

[0002] This disclosure relates in general to electrical submersible well pumps
and in particular to a pump assembly with a load sharing arrangement for tandem

thrust bearings.

Background:

[0003] Submersible electrical pump assemblies (“ESP”) are commonly used
to pump well fluids from hydrocarbon wells. A typical ESP includes a pump,
normally centrifugal, driven by an electrical motor. At least one seal section
connects between the motor and the pump to seal motor lubricant in the motor. The
seal section has a drive shaft with a thrust runner that engages a thrust bearing base to
transfer down thrust imposed by the pump drive shaft on the seal section drive shaft.
The seal section may also have a pressure equalizer to reduce a pressure differential

between the motor lubricant and well fluid on the exterior.
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[0004] Some installations employ seal sections in tandem, each having a
thrust bearing. Because of tolerances, it is difficult to construct the seal sections so
that a desired amount sharing of the down thrust occurs between the thrust bearings of
the two seal sections. One of the thrust bearings may wear too quickly relative to the

other.

Summary:

[0005] A submersible well pump assembly comprises a pump, a motor, and
first and second seal sections between the pump and the motor. Rotatable first and
second drive shafts in the first and second seal sections, respectively, extend along a
longitudinal axis of the pump assembly. First and second thrust bearings are in the
first and second seal sections, respectively. The first seal section is operably
connected with the pump to cause the first drive shaft to receive down thrust from the
pump and transfer the down thrust to the first thrust bearing. The first drive shaft
undergoes a limited amount of movement toward the second drive shaft in response to
wear of the first thrust bearing. An internally splined coupling connects ends of the
first and second drive shafts together for rotation in unison. A spring is in the
coupling between the ends of the first and second drive shafts. The limited amount of
movement of the first drive shaft toward the second drive shaft further compresses the
spring. A rigid stop member in the coupling between the ends of the first and second
drive shafts has a length that determines the limited amount of movement of the first

drive shaft toward the second drive shaft and limits the compression of the spring,
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[0006] A portion of the down thrust imposed on the first drive shaft transfers
through the spring to the second drive shaft prior to the limited amount of movement
of the first drive shaft toward the second drive shaft being reached. Down thrust
imposed on the first drive shaft transfers through the stop member to the second drive
shaft after the limited amount of movement of the first drive shaft toward the second

drive shaft is reached.

[0007] In one embodiment, the spring comprises a plurality of Belleville
washers stacked on one another. A first spring plate has one side in abutment with
the end of the first drive shaft and an opposite side in abutment with a first side of the
spring. A second spring plate has one side in abutment with the end of the second
drive shaft and an opposite side in abutment with a second side of the spring. The
limited amount of movement of the first drive shaft toward the second drive shaft
causes the first spring plate to move toward the second spring plate, further

compressing the spring,

[0008] The stop member may be secured to one of the first and second spring
plates and has a stop member end mitially spaced from the other of the first and
second spring plates prior to reaching the limited amount of movement of the first
drive shaft toward the second drive shaft. The stop member end contacts the other of
the first and second spring plates after the imited amount of movement of the first
drive shaft toward the second drive shaft is reached. Inthe embodiment shown, the
spring has a central opening. The stop member is located on the axis and extends

through the opening,
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[0009] The first thrust bearing comprises a first thrust runner that rotates with
the first drive shaft and slidingly engages a first thrust bearing base upon initial
operation of the pump. The second thrust bearing comprises a second thrust runner
that rotates with the second drive shaft and optionally is intially spaced by clearance
from a second thrust bearing base upon the initial operation of the pump and prior to
reaching the limited amount of movement of the first drive shaft toward the second
drive shaft. Continued operation causes the clearance to close and the second thrust

runner to shidingly engage the second thrust bearing base.

[0010] The first spring plate may have a cylindrical side wall encircling the
spring. The second spring plate has one side in abutment with the end of the second
drive shaft and an opposite side in abutment with a second side of the spring. The
second spring plate has a smaller diameter than an inner diameter of the cylindrical
side wall of the first spring plate. A shoulder within the coupling is abutted by an end
of the cylindrical side wall The mited amount of movement of the first drive shaft
toward the second drive shaft causes the cylindrical side wall to exert a force against
the shoulder and push the coupling axially relative to the second drive shaft.
Optionally, a ring encircles the cylindrical side wall and is in frictional engagement

with an internal surface of the coupling,
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Brief Description of the Drawings:

[0011] Fig. 11is aside view of an electrical submersible well pump assembly
having two seal sections in tandem, each having a thrust bearing, and a load sharing

arrangement between the thrust bearings in accordance with this disclosure.

[0012] Fig 21is a schematic view of the two sections of Fig 1, illustrating the

load sharing arrangement of Fig. 1.

[0013] Fig 3 is an enlarged sectional view of a load sharing insert of the load

sharing arrangement of Fig. 2.

[0014] Fig 41is a sectional view of a connection between the two seal sections

of Fig.1 and showing the load sharing arrangement between the thrust bearings.

Detailed Description of the Disclosure:

[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.
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[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.

[0017] Referring to Fig. 1, awell 11 has a string of casing 13 cemented

within.  An electrical submersible pump (ESP) 15 pumps well fluid flowing into
casing 13. ESP 15 includes a motor 17, which is typically a three-phase electrical
motor. An end of motor 17 connects to two seal sections 19, 20 that are connected to
each other in tandem. Seal sections 19, 20 seal dielectric lubricant in motor 17. Also,
seal sections 19, 20 may have pressure equalizing elements to equalize the pressure of
the lubricant in motor 17 with the hydrostatic pressure of the well fluid on the exterior

of motor 17.

[0018] A pump 21 connects to the first seal section 19. Pump 21 has an intake
23 for receiving well fluid and a discharge connected to a string of production tubing
25. Pump 21 is normally a rotary type, such as a centrifugal pump having a large
number of stages, each stage having a rotating impeller and a nonrotating diffuser.
Alternately, pump 21 could be another type, such as a progressing cavity pump.
Although ESP 15 is shown vertically in the drawings, it could be located in inclined
or horizontal sections of well 11, thus terms such as “upper” and “lower” are used

only for convenience.
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[0019] Referring to Fig. 2, first seal section 19 has a tubular housing 26 with
an adapter or head 27 on one end that connects to pump 21 (Fig. 1). Housing 26 may
comprise more than one tubular member, the tubular members being connected
together by a central connection member or guide 29. In this embodiment, a volume
or pressure equalizing element 31, located in housing 26 between head 27 and guide
29, reduces a pressure differential between lubricant in motor 17 (Fig 1) and the
hydrostatic well fluid pressure. Normally, equalizing element 31 will contain and be
in fluid communication with motor lubricant in motor 17. A port (not shown) in head
27 admits well fluid to the exterior of equalizing element 31. Equalizing element 31
is illustrated to be a flexible, elastomeric bag Alternately, it could be other types,

such as a metal bellows.

[0020] First seal section 19 has a thrust bearing assembly that includes an
upthrust base or bearing 33 and a down thrust base or bearing 35, each nonrotatably
mounted in housing 26. A rotatable first drive shaft 37 extends though first seal
section 19 along a longitudinal axis 38. A thrust runner 39, rigidly attached to drive
shaft 27 for rotation and axial movement in unison, is located axially between
upthrust and down thrust bearings 33, 35. Drive shaft 27 is axially movable short
increments between upthrust and down thrust. A seal section base 41 secures to
housing 26 at an end opposite head 27. First drive shaft 37 extends through bores and

bushings in head 27, guide 29 and first seal section base 41.

[0021] While operating, pump 21 creates thrust that can vary between down
thrust, which is the direction away from the discharge of pump 21, and upthrust.

During down thrust, runner 39 slides on down thrust bearing 35, transferring at least
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some of the down thrust on first drive shaft 37 to down thrust bearing 35, which in
turn transfers down thrust to housing 26. Similarly, upthrust causes runner 39 to

engage and transfer upthrust to upthrust bearing 33.

[0022] Second seal section 20 may be constructed the same as first seal
section 19. Second seal section 20 has a housing 43 that secures to seal base 41 of
first seal section 19. Second seal section 20 has a head 45 and a connector or guide
47 axially spaced from head 45. A pressure equalizing element 49 locates between
head 45 and guide 47 and operates the same as equalizing element 31 of first seal
section 19. Second seal section 20 also has a thrust bearing assembly including an
upthrust bearing 51 and a down thrust bearing 53. Drive shaft 55 of second seal
section 20 extends through head 45, guide 47 and thrust bearings 51, 53. A runner 57
rigidly mounted to shaft 55 between thrust bearings 51, 53, engages down thrust
bearing 53 during down thrust on second drive shaft 55. Runner 57 engages upthrust
bearing 51 during upthrust on shaft 55. Seal section 20 has a seal base 59 that secures

to motor 17 (Fig. 1).

[0023] Drive shafts 37, 55 have external splines around their ends. A sleeve
or coupling 61 with internal splines joins the external splines of drive shafts 37, 55
together for rotation in unison. Motor 17 has a drive shaft (not shown) that couples to
drive shaft 55 and rotates drive shafts 37, 55. Drive shaft 37 couples to a drive shaft
(not shown) in pump 21 (Fig. 1) to drive pump 21. The lower end of the pump drive

shaft abuts the upper end of drive shaft 37.

[0024] The down thrust bearings 35, 53 in seal sections 19, 20 are configured

to share the load of down thrust imposed by pump 21 on drive shaft 37. A spring
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insert 63 located between the adjacent ends of drive shafts 37, 55 serves to share the
load to avoid uneven wear on one of the down thrust bearings 35, 53 relative to the

other.

[0025] Fig. 3 shows one example of spring mnsert 63, and a variety of
configurations are feasible. In this embodiment, spring insert 63 has a first spring
plate 65 that has one side in abutment with a shaft end 67 of first drive shaft 37.
Spring plate 65 may have a cylindrical side wall 69 extending toward second drive
shaft 55. Side wall 69 may have an annular external seal ring 70. A stop member 71,
which in this example is a post or pedestal on axis 38, depends from first spring plate
65. The axial height or dimension of stop member 71 is less than the axial dimension

of side wall 69.

[0026] Spring insert 63 has a second spring plate 73 having one side facing
first spring plate 65. An opposite side is in abutment with an end 74 of second drive
shaft 55. Inthis example, second spring plate 73 has a circular circumference that fits
within but doesn’t contact the inner diameter of side wall 69 of first spring plate 65.
Second spring plate 73 and first spring plate 65 are movable toward and away from

each other, and a spring 75 urges them apart.

[0027] In this embodiment, spring 75 comprises a plurality of Belleville
washers 76 stacked on each other. Each washer 76 is a steel, conical or dish-shaped
member, with a convex side and a concave side. In this example, the convex sides of
adjacent washers 76 in the stack are opposed to each other, and the concave sides of
adjacent washers 76 are opposed to each other. Alternately, washers 76 could be

stacked in other manners, such as with all of the concave sides facing in the same
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direction and the all of the convex sides facing in the opposite directions. The
stacking of washers 76 can be altered, if desired, to achieve a nonlinear load versus

displacement curve.

[0028] The overall axial height of spring 75, while not being compressed, is
greater than the axial dimension of stop member 71. During operation, shaft end 67
can move axially toward shaft end 74 a limited amount. When shaft ends 67, 74 are
at a maximum distance apart, which occurs prior to initial operation, a gap 79 between
an end 77 of stop member 71 and second spring plate 73 exists. Spring 75 may be
under some compression and exert a bias force between shaft ends 67 and 74 when
first and second seal sections 19, 20 are first connected to each other and a maximum
gap 79 exists. When shaft ends 67, 74 are a minimum distance apart from each other,
gap 79 closes and stop member end 77 bears against second spring plate 73. With gap

79 closed, spring 75 will be exerting a maximum bias force.

[0029] Second runner 57 and second down thrust bearing 53 optionally may
be configured such that second runner 57 does not touch second thrust bearing 53
while gap 79 is fully open. An initial clearance between second thrust runner 57 and
second down thrust bearing 53 could exist. Alternately, some contact of second

runner 57 with second down thrust bearing 53 could occur while gap 79 is fully open.

[0030] If first down thrust bearing 35 absorbs all of the down thrust imposed
by pump 21 on first drive shaft 37, gap 79 will be at a maximum. In that instance, all
of the down thrust on first drive shaft 37 would transfer from first runner 39 to first
down thrust bearing 35. As first down thrust bearing 35 wears, first drive shaft 37

moves slightly downward, further compressing spring 75 and transferring a portion of

-10-
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the down thrust through spring 75 to second drive shaft 55. The load experienced by
first down thrust bearing 35 decreases because part of the down thrust will be
transferred from second runner 57 to second down thrust bearing 53. When stop
member end 77 abuts second plate 73, almost all or all of the down thrust would be
taken by second down thrust bearing 53. At this point the down thrust on first drive
shaft 37 transfers directly to second drive shaft 55 through stop member 71, bypassing

any down thrust through spring 75.

[0031] Optionally, the clearances in the down thrust bearings 35, 53 in first
and second seal sections 19, 20 and the dimensions of spring insert 63 may be
selected such that gap 79 is removed once first thrust bearing 35 begins to wear. In
that instance, second down thrust bearing 53 would begin to share the load and reduce
the load on first down thrust bearing 35 until stop member end 77 abuts second plate
73. At that point nearly all of the down thrust on first drive shaft 37 would be

absorbed by second thrust bearing base 57.

[0032] Fig. 4 shows more details of coupling 61 and first seal section base 41.
Coupling 61 has internal splines 81 for receiving external splines 83 of both drive
shafts 37, 55. Internal splines 81 in a first half of coupling 61 optionally may be
located in a sleeve 85 carried in and forming a first part of coupling 61. Coupling 61
has an internal shoulder 87 that faces first shaft end 67. First spring plate side wall 69
engages shoulder 87, preventing any movement of first spring plate 65 toward
shoulder 87. Seal ring 70 frictionally engages a portion of the inner side wall of the
side wall of the bore in coupling 61 to retain spring insert 63 in coupling 61 prior to

connecting first and second seal sections 19, 20. Seal ring 70 is optional and does not

-11-
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perform a sealing function as there would normally be no fluid pressure difference
across seal ring 70. Second spring plate 73 is free to move axially relative to shoulder

87.

[0033] First seal section base 41 has an axial passage within which coupling
61 locates. Coupling 61 rotates in unison with first and second shafts 37, 55. In this
example, an external flange 91 on first seal section base 41 abuts an end of second

seal section housing 43. Bolts (not shown) secure flange 91 to housing 43.

Alternately, a rotatable threaded sleeve could be used to connect seal sections 19 and

20.

[0034] Initially and prior to operation, gap 79 exists. During operation, as
first thrust base 35 (Fig. 2) wears, slight downward movement of first drive shaft 37
pushes downward on first spring plate 65. First spring plate side wall 69 pushes
downward on spring 75, which further compresses spring 75 and increases a
downward force through spring 75 and second spring plate 73 against the upper end
of second drive shaft 55. This downward force passing through spring 75 transfers

through second thrust runner 57 to second thrust bearing base 53 (Fig. 2).

[0035] The slight downward movement of first spring plate side wall 69
causes coupling 61 to move downward along with the downward movement of first
shaft 37. The downward movement of coupling 61 relative to second shaft 55 does
not impose any down thrust on second shaft 55. Gap 70 decreases and closes up as
first thrust bearing 35 wears in response to the slight downward movement of first
shaft 37 relative to second shaft 55, transferring down thrust directly from first shaft

end 67 through stop member 71 to second shaft end 74.

-12-
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[0036] The present invention 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 invention 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 spirit of the present invention disclosed herein and the scope of the

appended claims.

-13-
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Claims:

1. A submersible well pump assembly, comprising:

apump (21), amotor (17), and first and second seal sections (19, 20) between

the pump and the motor;

rotatable first and second drive shafts (37, 55) in the first and second seal
sections, respectively, each extending along a longitudinal axis (38) of the pump

assembly;

first and second thrust bearings (35, 53) in the first and second seal sections,

respectively;

the first seal section being operably connected with the pump to cause the first
drive shaft to receive down thrust from the pump and transfer the down thrust to the
first thrust bearing, the first drive shaft undergoing a limited amount of movement

toward the second drive shaft in response to wear of the first thrust bearing;

an internally splined coupling (61) that connects ends of the first and second

drive shafts together for rotation in unison; characterized by

a spring (75) in the coupling between the ends of the first and second drive
shafts, the limited amount of movement of the first drive shaft toward the second

drive shaft compressing the spring; and

argid stop member (71) in the coupling between the ends of the first and

second drive shafts having a length that determines the limited amount of movement

-14-
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of the first drive shaft toward the second drive shaft and limits the compression of the

spring,

2. The assembly according to claim 1, wherein a portion of the down thrust imposed
on the first drive shaft transfers through the spring to the second drive shaft prior to
the limited amount of movement of the first drive shaft toward the second drive shaft

being reached.

3. The assembly according to claim 1, wherein at least a portion of the down thrust
imposed on the first drive shaft transfers through the stop member to the second drive
shaft after the limited amount of movement of the first drive shaft toward the second

drive shaft is reached.

4. The assembly according to claim 1, wherein the spring comprises a plurality of

Belleville washers (76) stacked on one another.

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

a first spring plate (65) having one side in abutment with the end of the first

drive shaft and an opposite side in abutment with a first side of the spring;

-15-
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a second spring plate (73) having one side in abutment with the end of the
second drive shaft and an opposite side in abutment with a second side of the spring;

and wherein

the limited amount of movement of the first drive shaft toward the second
drive shaft causes the first spring plate to move toward the second spring plate, further

compressing the spring,

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

a first spring plate having one side in abutment with the end of the first drive

shaft and an opposite side in abutment with a first side of the spring;

a second spring plate having one side in abutment with the end of the second

drive shaft and an opposite side in abutment with a second side of the spring, wherein

the stop member is secured to one of the first and second spring plates and has
a stop member end initially spaced from the other of the first and second spring plates
prior to reaching the limited amount of movement of the first drive shaft toward the

second drive shaft; and

the stop member end contacts the other of the first and second spring plates
after the limited amount of movement ofthe first drive shaft toward the second drive

shaft is reached.

-16-
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7. The assembly according to claim 1, wherein:

the spring has a central opening; and

the stop member is located on the axis and extends through the opening

8. The assembly according to claim 1, wherein:

the first thrust bearing comprises a first thrust runner (39) that rotates with
the first drive shaft and slidingly engages a first thrust bearing base (35) upon initial

operation of the pump;

the second thrust bearing comprises a second thrust runner (57) that rotates
with the second drive shaft and is spaced by clearance from a second thrust bearing
base (53) upon the initial operation of the pump and prior to reaching the limited

amount of movement of the first drive shaft toward the second drive shaft; and

continued operation after the limited amount of movement of the first drive
shaft toward the second drive shaft causes the clearance to close and the second thrust

runner to shidingly engage the second thrust bearing base.

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

-17-
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a first spring plate having one side in abutment with the end of the first drive
shaft and an opposite side in abutment with a first side of the spring, the first spring

plate having a cylindrical side wall (69) encircling the spring;

a second spring plate having one side in abutment with the end of the second
drive shaft and an opposite side in abutment with a second side of the spring, the
second spring plate having a smaller diameter than an nner diameter of the

cylindrical side wall of the first spring plate;

a shoulder (87) within the coupling that is abutted by an end of the cylindrical

side wall;

and wherein

the limited amount of movement of the first drive shaft toward the second
drive shaft causes the cylindrical side wall to exert a force against the shoulder and

push the coupling relative to the second drive shaft.

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

a spring plate located between the end of one of the first and second drive
shafts and the spring, the spring plate having a cylindrical side wall encircling the

spring, and

aring (70) encircling the cylindrical side wall and in frictional engagement

with an internal surface of the coupling,

-18-
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11. A method of operating a submersible well pump assembly having a pump, a
motor, and first and second seal sections between the pump and the motor; first and
second drive shafts in the first and second seal sections, respectively, each extending
along a longitudinal axis; first and second thrust bearings in the first and second seal
sections, respectively; and an internally splined coupling that connects ends of the

first and second drive shafts together for rotation in unison, characterized by:

mounting a spring in the coupling between the ends of the first and second

drive shafts;

mounting a rigid stop member in the coupling between the ends of the first and

second drive shafis;

operating the pump, imposing down thrust from the pump on the first drive
shaft and the first thrust bearing and allowing the first drive shaft to undergo a limited
amount of movement toward the second drive shaft in response in response to wear of

the first thrust bearing;

during the limited amount of movement of the first drive shaft toward the
second drive shaft, compressing the spring and transferring down thrust on the first

drive shaft through the spring to the second drive shaft, then

with the stop member, stopping the limited amount of movement of the first
shaft toward the second shaft and transferring down thrust on the first drive shaft

through the stop member to the second drive shaft.

-19-
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12. The method according to claim 11, wherein while down thrust is passing through

the stop member, the down thrust bypassing the spring.

13. The method according to claim 11, wherein the first thrust bearing absorbs more
down thrust imposed by the pump than the second thrust bearing until the stop

member stops the limited amount of movement of the first shaft toward the second

shaft.

-20-
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