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(57) Abrege/Abstract:
An electrical submersible pump assembly includes a centrifugal pump having impellers and diffusers. A thrust runner is coupled to
a motor shaft for rotation along with the impellers. The runner receives thrust from at least one of the impellers and transfers the
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(57) Abrege(suite)/Abstract(continued):
thrust to a bushing non rotatably mounted in one of the diffusers. The bushing has a thrust transferring end adjacent a thrust
recelving shoulder In the diffuser. The bushing Is axially movable In the receptacle. An annular spring located between the thrust

recelving shoulder in the receptacle and the thrust transferring end of the bushing urges the bushing away from the thrust receiving
shoulder.
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FIG. 1

(57) Abstract: An electrical submersible pump assembly includes a centritugal pump
having impellers and diffusers. A thrust runner 1s coupled to a motor shatt for rotation
along with the impellers. The runner receives thrust from at least one of the impellers
and transfers the thrust to a bushing non rotatably mounted in one of the diffusers. The
bushing has a thrust transterring end adjacent a thrust receiving shoulder in the dif-
fuser. The bushing is axially movable in the receptacle. An annular spring located
between the thrust receiving shoulder in the receptacle and the thrust transterring end
of the bushing urges the bushing away from the thrust receiving shoulder.




CA 02918462 2016-01-15

WO 2015/009428 A 1 IO A8 10 O AR Y L

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, GW, KM, ML, MR, NE, SN, TD, TG).

VN.ZA. . ZM. ZW.
T ’ Published:

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

with international search report (Art. 21(3))



CA 02918462 2016-01-15

WO 2015/009428 PCT/US2014/044497

PCT PATENT APPLICATION

COMPLIANT ABRASION RESISTANT BEARINGS FOR A SUBMERSIBLE WELL PUMP

Field of the Disclosure:
This disclosure relates in general to electrical submersible pumps for wells and in

' particuiar to centrifugal pump stage bearings having axial and radial compliance.

Background:

Electrical submersible pUmpS'(ESP) are widely used to pump oil production wells. A
typical ESP has a rotar'y pump driven by an electrical motor. A seal section 1s located between
the pump and the motor to reduce the differential between the well fluid pressure on the exter.ior
of the motor and the lubricant pressure within the motor. A drive shaft, normally in Several
sections, extends from the motor through the seal .section and 1nto the .pump for rotating the
pump. The pump may be a 'centrifugal pump having a large number of stages, each stage having

an ifnpeller and diffuser.

During operation, the impéllers.create thrust, which can be both in downward and upward
directions. The impellers transmit the thrust in various manners to the diffusers. Some pumps
are particularly used in abrasivel ﬂl{lj] d Fglbflronments In those pumps, a thrust runner 1s coupled
to the shaft to receive thrust from one‘ or more impellers. A bushing secured into a receptacle in
the diffuser receives the thrust and transfers the thrust to the diffusér. The thrust runner and the
bushing may be formed of an abrasion resistant material, such as tungsten carbide, that is harder
than the material of the diffuser. The bushing 1s commonly installed in the receptacle witha

~ press fit.
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Damage and misalignment may occur when the hard metal bushing 1is press fit into the

- diffuser. The wear resistant bushing may misalign slightly when pressed into the diffuser
receptacle. During operation, load conceﬁtrati'ons may occur, causing the carbide material to
crack or chip. Some pumps tend to Viblfate, particularly at higher fluid flow pressures, and the
vibration can lead to carbide chatl;c}iiﬁlg.fﬂ‘le "be'a'riﬁg surfaces are subject to intermittent loading

due to gas slugging fluid production, ci'eating shock. Heat 1s generated by the bearing surfaces,

which can cause damage to the bearings.
SUmmary:

An electrical submersible pump assembly has a plurality of modules, including a rotary
pump module, a motor module, and a seal section module located between the motor module and
the pump module. A bearing in at least one of the modules has a sleeve coupled to a drive shaft
for rotation thereMth, the sleeve being subj ect to axial thrust and having an axially facing thrust
transferring surface. A bushing has a bore Etiha".cﬂreceives the sleeve in shiding, rotational
engagement. The bushing has aﬁ aX1a11y facmg thrust receiving surface for engagement by the

thrust transferring surface of the sleeve. The bushing has an axially facing thrust transferring

surface facing in an opposite direction to the thrust receiving surface of the bushing,

A stationarily mounted supporting member has a receptacle that receives the bushing.
The supportihg member 1s of less hardness than the bushing and has an axially facing thrust
receiving shoulder. The bushing 1s axially movable a limited extent relative to the supporting
member. A spring is located between ,{,and in engagement with the thrust transferring surface of
the bushing and the thrust receiving shoulder of the receptacle. The spring biases the bushing

axially in a direction opposite to the thrust.
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At least one axially extending pin extends between the supporting member and the
bushing for preventing rotation of the bushing relative to the supporting member. The pin
preferably extends from the thrust receiving shoulder of the supporting member and ﬁts mtoa
mating profile in the bushing. The mating profile may be defined by at least one axially
extending groove or recess on an outer wall Qf the bushing and at least one axially extending
- groove or recess on an inner diameter of the receptacle. The grooves align to define the profiles

for the pins.

The spring is an annular membér having an axis that coincides with the axis of the shaft.

Preferably, the spring is a metal wavy spring.

In' the embodiment shown, the sleeve has a cylindrical body havihg first and second
ends. An external flange extends radially from the body with the thrust transferring surface on
one side of the flange. A helical coolant groove 1s formed on an outer surface of the body, the
coolant groove having a first end at the thrust transferring surface and a second end at the second
end of the body. A coolant port may extend through the flange in communication with the

helical coolant groove.

Further, at least one axially c’xténding coolant groove may be formed in an inner diameter
of the bore of the bushing. At least oné radially extending coolant groove may be located on the

thrust recetving surface of the bushing.



An electrical submersible pump assembly, comprises a centrifugal pump having a
plurality of stages, each of the stages having an impeller and a diffuser, and a driven shaft
that rotates the impellers; an electrical motor that rotates the driven shaft; and a seal section
coupled between the pump and the motor for reducing a pressure differential between
lubricant in the motor and well fluid on an exterior of the motor, at least one of the stages
comprising: a thrust runner coupled to the shaft for rotation therewith, the runner having a
thrust transferring face transverse to an axis of the shaft and a body with a cylindrical
exterior, the runner having a thrust receiving end positioned to receive thrust from the
impeller of said at least one of the stages; a receptacle in the diffuser having a thrust receiving
shoulder; a bushing non rotatably mounted in the receptacle, the bushing having a bore that
receives the body of the runner in sliding, rotating engagement, the bushing having a thrust
recelving end engaged by the thrust transferring face in rotating, sliding engagement to
transter thrust from the runner to the bushing, the bushing having a thrust transferring end
adjacent the thrust receiving shoulder, the bushing being axially movable in the receptacle a
Iimited extent; at least one axially extending semi-cylindrical recess formed in a cylindrical
inner wall of the receptacle; an anti-rotation member in engagement with a cylindrical outer
wall of the bushing and having an outer portion located within the recess to prevent rotation

of the bushing relative to the receptacle; and an annular clastomeric seal between the outer

wall of the bushing and the inner wall of the receptacle.

-3~
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Brief Description of the Drawings:

Figure 1 1s a side view of an electrical submersible pump assembly 1n accordance with

this disclosure.
Figure 2 1s a sectional view of a portion of the pump of the pump assembly of Figure 1.

Figure 3 is an enlarged sectional view of one of the thrust runners and bushings of the

pump of Figure 2 and shown installed in a diffuser.

Figure 4 is an assembled isometric view of the thrust runner and bushing shown in Figure

Figure 5 1s an 1sometric view of the thrust runner of Figure 3.

Figure 6 1S an 1sometric \{iew?_f .the bushing of Figure 3.

Figure 7 1s an isometric view of the spring employed with the bushihg of Figure 3.
Detailed Descripﬁon of the Disclosure:

Referring to Figure 1, electrical submersible pump assembly (ESP) 11 is illustrated as
being supported on production tubing 13 extending into a well. Alternately, ESP 11 could be
~supported by other structure, such as coiled tubmg. ESP 11 includes several modules, oﬁeof
which is a rotary pump 15 that is illustrated as being a cehtrifugal pump. Pump 135 has an intake
16 for drawing in well fluid. Alternately, pump 15 could be other types, such as a progressing
cavity pump. Another module i's-' aﬁ\“é‘l‘é‘étficalhmotor 17, which drives pump 15 and is normally a

three-phase AC motor. A third module comprises a protective member or seal section 19

coupled between pump 15 and motor 17. Seal section 19 has components to reduce a pressure

4-
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differ_ential between dielectric lubricant contained in motor 17 and the pressure of the well fluid
on the exterior of ESP 11. Intake 16 may be located in an upper portion of seal section 19 or on

a lower end of pump“] 5. A thrust bearing 21 for motor 17 may be 1n a separatc module or

located in seal section 19 or motor 17.- '

ESP 11 may also include other modules, such as a gas separator for separating gas from
the well fluid prior to the well fluid: flowing into pump 15. The various modules may be shipped

to a well site apart from cach other, then assembled with bolts or other types ot fasteners.

‘Referring to Figure 2, pump 15 includes a housing 23 that is cylindrical and much longer
than its diameter. A drive shaft 25 extends along 'longitudifnal axis 26 through housing 23 and 1s
rotated by motor 17. Shaft 25 is normally made up of several sections connected to gethef with
splined ends. A large number of stages are normally Within housing 23, each stage including a
stationary diffuser 27. Diffusers 27 are stacked on one another and secured against rotation in
housing 23, Diffusers 27 have 'ﬂé’:&jpé'ssages 29 leading upward and inward toward axis 26. An
impeller 31 is rotatably located within a central receptacle 30 of each diffuser 27. Impellers 31

have flow passages 33 that lead from aﬁcentral area upward and outward from axis 26. The terms

P

“downward” and “upward” are used only for convenience, since pump 15 1s not always oriented
vertically as shown. The example of Figure 2 1s a mixed flow type, wherein the flow passages

29, 33 extend both axially as well as radially. Alternately, pump 15 could be a radial flow type

wherein the flow passages extend primarily radially and not axially.

- Figure 2 illustrates how thrust imposed on each impeller 31 is transferred to one of the
diffusers 27, which serves as a supporting member. When pump 15 1s pumping fluid, the thrust

is considered to be in a downward direction away from the direction the fluid is being pumped.

5.
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Upward directed thrust can also occur',"= such as during startup. Each impeller 31 has a hub 35,
which 1s a cylindrical member having a bore 't'hrough which shaft 25 pass_es. In this example, a
thrust runner or sleeve 37 is located below hub 35. The lower end of hub 35 abuts an uppér end
of thrust runner 37. Alternately, a spacer sleeve (not shown) could be located between thrust
runner 37 and hub 35. Also, rather than being separate as shown, hub 35 and thrust runner 37
could be integrally formed together. Further, thrust runners 37 could be employed with only
part of the impellers 31, rather than 4ll, as shown. That is, hubs 35 could transfer thrust from
one impeller 31 to another impeller 31 and eventually to thrust runner 37. Thrust runner 37 may

be ot a harder material than the material of impéller hub 35, such as tungsten carbide.

Thrust runner 37 seats in a thrust bushing ‘3 9, which 1n turn 1s nonrotatably supported in
diffuser receptacle 30. . Bushing 39 may also be of a harder material, such as tuhgsten carbide,
than the material of impeller hub 35 and diffuser 27. Runner 37 is secured to shaft 25 for
rotation'but 1S free to move a limited amount axially relative to shaft 25; Typically a key (not
shown) engages mating axially extending grooves 43 (Fig. 3) in runner 37 and shaft 25. A
spacer sleeve 41 may be surrounding shaft 25 and extending downward from thrust .runner 3710
the impeller 31 located below. lhrust pnner 37 transters downthrust due to ‘;he pumping action
of impellers 31. An upthrust assembly (not shown) including another thrust runner and bushing

could be mounted to diffuser 27 below and inverted from thrust runner 37 and bushing 39 for

transmitting upthrust to diffuser 27. R

Referring to Figure 3, thrust runner 37 has a radially extending flange 44 on its upper
end. The upper side of flange 44 may be Conical, with the maximum diameter at the lower edge
of flange 44. Flarige 44 has on 1ts lower side a thrust transferring face 45 that is in a plane

perpendicular to axis 26 and faces in a downward direction. Thrust transferring face 45 engages

-6-
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a thrust receiving surface 47 of bushing 39 in rotating sliding contact. Thrust runner 37 has a

cylindrical body 49 that extends dowri'w‘a'rd from thrust transferring face 45 and has a smaller

- outer diameter than flange 44.

Bushing 39 has a cylindrifcal b\(.)dywith a thrust transferring surface 51 on its lower end.

- Bushing thrust transferring sui*face 51',%fe{nsfers thrust to a diffuser thrust .receiving shoulder 53
forméd in receptacle 30. A spring 35 is positioned between bushing thrust transferring surface
51 and diffuser thrust receiving shoulder 53. Spr'ing 55 1s aresilient annular member encircling
shaft 25. In the embodiment shown, the inner diameter of spring 55 is flush with the inner
~diameter of receptacle thrust receiving shoulder 53. The outer diameter of spring 55 is illustrated
as being less than the outer diameter of thrust receiving shoulder 53, but it could be t’hé same,
Preferably, spring 55 is metal and may be a wavy spring having undulations as shown in Figure
7. Spring 55 exerts an upward force on bushing 39, and downthrust causes spring 55 to deflect,
allowing bushing 39 to move downwar‘cfll. ‘The amount of axial movement of bushing 39 relative
to diffuser 27 may vary, but is preferably at least equal to the maximum deflection of spri.ng 55

- from 1ts undetlected position.

Bushing 39 has an outer diameter that is slightly less than the inner diameter of the
cylindrical section 56 of receptacle 30 extending upward from thrust receiving shoulder 53. The
annular clearance between cylindrical section 56 and the outer diameter of bushing 39 may vary,
for example, between about .020 inch to .100 inch on a side. This annular clearance allows
slight radial movement of bushing 39 as well as axial movement relative to diffuser 27.

- Optionally, a split retainer ring (not shown) may be snapped into an annular groove in diffuser
cylindrical section 56 above the upper end of bushing 39 to limit upward movement of bushin'g

39 from diffuser receptacle thrust receiving shoulder 53.

-
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An elastomeric ring 57 may be 1n the annular clearance between bushing 39 and
cylindrical section 56. Elastomeric ring 57 dampens radial movement of bushing 39 relative to
diffuser 27. Elastomeric ring 57 may be an O-ring, and it is illustrated as being located in an
annular groove 58 on the outer diameter of bushing 39. Elastomeric ring 57 also forms a seal

between bushing 39 and receptacle cylindrical section 56.

An anti-rotation means is required to prevent bushing 39 from rotating relative to diffuser
27. Inthis embodiment, several axially extending grooves or profiles 59 are formed in the outer
diameter of bushing 39, as shown alqom 'F‘igures'é{ and 6. Bushing axially extending grooves 59
are semi-cylindrical and extend from “the ;lower end of bushing 39 upward to a point just below '
annular groove 58, which holds elastomerie ring 57. Diftuser receptacle 30 has mating axial
grooves or profiles 61 formed in cylindrical section 56. Diffuser axial grooves 61 are semi-
~cylindrical recesses extending upward from diffuser thrust receiving shoulder 53 to the same
distance as bushing aXial grooves 59. Diffuser axial grooves 61 are of the same diameter as
bushing axial grooves 59 and circumferentially spaced from each other the 'same distance. When
N bushing axial grooves 59 align with di:ffuserl axial grooves 61, they create cylindrical holes or
profiles. A pin 63 is located in each hole, thereby preventing bushing 39 from rotating relative to
diffuser 27. Each pin 63 1s slightly smaller in diameter than the cylindrical hole provided by
mating axial grooves 59, 61 so as to allow bushing 39 to move axially a limited amount relative
to diffuser 27. The lower ends of pins‘g‘6’3 are shown as abutting receptacle thrust reeeiving

shoulder 53 outward from wavy spring 55.

Referring to Figure 5, in this example, thrust runner 37 has a helical groove 65 formed on
the outer diameter of its body 49. Helical groove 65 has a lower end or termination at the lower

end of body 49 and an upper termination at the upper end of body 49 at flange 44. Helical

_8-
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groove 65 may make a single turn around runner body 49, as shown, or more than one turn. A
small weep hole or coolant port 67 may extend from the upper termination of helical groove 65
‘ through runner flange 44 from thi’ﬁs't’ft?’féii's'xﬁitting face 45 to the upper side of flange 44, as
illustrated by the dotted lines iﬁ Figure 3. Coolant port 67 may extend axially or it may incline
relative to axis 26. Helical groove 65 and Coolant port 67 define a continuous flow passage for
“coolant fluid, namely a small poﬁion of the well fluid being pumped. Some of the upward

flowing well fluid diverts up helical groove 65 and out coolant port 67, cooling the interface

betweén thfust runner 37 and bushing 39,

In the preferred embodiment, bushing 39 also has coolant passages, as illustrated in
Figure 6. These passages include radially cxtending grooves 69 on the thrust recelving surface
47 of bushing 39. Bushing radial grooves 69 define tflow passages between thrust receiving
surface 47 and runner thrust trdnsferrllggfdce 45. Bushing 39 also has axial coolant grooves 71
in 1ts inner diameter. Each axial coolant groove 47 extends parallel to axis 26 from the. lower
end of bushing 39 to bushihg thrust receiving surface 47. Bushing axial coolant grooves 47

define coolant flow passages between runner body 49 and the inner diameter of bushing 39,

Referring to Figure 2, pump is assembled stage by stage on shaft 25, then inserted into
housing 23. When a stage having one of the thrust runners 37 is assembled, wavy spring 55 will
be placed on diffuser thrust receiyil}g :s:il}ould'er 53. Elastomeric ring 57 1s installed on bushing
39. Pins 63 will be placed in diffuser .axial grooves 61, then bushing 39 will be oriented so that
bushing axial grooves 59 align with pins 63. Bushing 39 1s then pushed into receptacle
cylindrical section 56, and bushir}g ax1al grooves 59 will slide over pins 63. Thrust funner 37
may be installed in bushing 39 before (?r after bushing 39 is pushed into place in diffuser

receptacle 30.
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During operation, motor 17 .(Fig. 1) rotates shaft 29, éausing impellérs 31 to rotate. Well
fluid flows up ditfuser passages 29 and i‘mpeller passages 33. Referring to Figures 5 and o, some
of the well fluid diverts through bushing axial coolant grOOVes 71 and radially out through
bushing radial coolant gro oves 69. Some of the well fluid diverts through runner helical groove
65 and runner coolént port 67. As runner 37 rotates, some of the fluid flowing up bushing axial
coolant grooves 71 enters runner helical groove 65. Further, as runner 37 rotates, some of the
| fluid flowing radially out bushing radial coolant grooves 69 communicates with the upper

termination with runner helical groove 65 and with the lower end of runner coolant port 67.

The downward thrust imposed on impellers 37 transfers via runner thrust transferring
face 45 to bushing thrust receiving surfzice 47. The thrust transfers from bushing thrusf
transtferring surface 51 through spring 55 to diffuser receptacle thrust receiving shoulder 53. The
downthrust may be sufficiently high at times to completely deflect spring 55, which puShes
~ bushing 39 to 1ts lowermost position:i r§pﬁng 55 biases bushing 39 upward and allows bushing
39 to move axially upward relative to diffuser 27 a limited amount if the downthrust drops, even
if inomentarily. The amount of upwa_id movement of bushing 39 could be equal to the axial
dimension of spring 55 from its;ful,lsyg;dﬁﬂepted condition to its undeflected condition. This axial
movement of bushing 39 reduces damage due to the bearing surfaces of runner 37 and bushing
39. The axial compliant rhovement of bushing 39 reduces damage from chattering that results

from gas contained 1n the well fluid.

While the disclosure has been shown 1n only one of its forms, it should be apparent to

those skilled in the art that it is not so limited but 1s susceptible to various changes without

departing from the scope of the disclosure. For example, although shown only in connection

-10-
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with a pump stages, the axially and tadially complaint bushing could also be employed with shaft

bearings in the pump, seal section, motor, and gas separator, if used.

-11-



What is claimed is:

1. An electrical submersible pump assembly, comprising:

a centrifugal pump having a plurality of stages, each of the stages having an
impeller and a diffuser, and a driven shaft that rotates the impellers;

an electrical motor that rotates the driven shaft; and

a seal section coupled between the pump and the motor for reducing a pressure
differential between lubricant in the motor and well fluid on an exterior of the motor,

at least one of the stages comprising;:

a thrust runner coupled to the shaft for rotation therewith, the runner
having a thrust transferring face transverse to an axis of the shaft and a body with a
cylindrical exterior, the runner having a thrust receiving end positioned to receive thrust
from the impeller of said at least one of the stages;

a receptacle 1n the diffuser having a thrust receiving shoulder;

a bushing non rotatably mounted in the receptacle, the bushing having a
bore that receives the body of the runner in sliding, rotating engagement, the bushing
having a thrust receiving end engaged by the thrust transferring face in rotating, sliding
engagement to transter thrust from the runner to the bushing, the bushing having a
thrust transferring end adjacent the thrust receiving shoulder, the bushing being axially
movable 1n the receptacle a limited extent;

at least one axially extending semi-cylindrical recess formed in a

cylindrical inner wall of the receptacle;

-12-
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an anti-rotation member 1n engagement with a cylindrical outer wall of
the bushing and having an outer portion located within the recess to prevent rotation of
the bushing relative to the receptacle; and

an annular elastomeric seal between the outer wall ot the bushing and

the inner wall of the receptacle.

2. The pump assembly according to claim 1, wherein:

the seal is spaced axially from the recess.

3. The pump assembly according to claim 1, wherein:
the recess is open at the thrust transferring end of the bushing and has a closed

end spaced axially from the seal.

4. The pump assembly according to any one of claims 1 to 3, further comprising:

a spring located between and in engagement with the thrust transferring end of
the bushing and the thrust receiving shoulder of the receptacle, the spring biasing the
bushing axially in a direction opposite to the thrust,

wherein the spring is an annular member having an axis that coincides with the
axis ot the shaft and having an outer diameter a smaller radial distance from the axis

than a radial distance from the axis to the outer portion of the anti-rotation member.

3. The pump assembly according to claim 4, wherein the spring is a metal wavy

spring.

CA 2918462 2018-02-05



6. The pump assembly according to any one of claims 1 to 3, further comprising:

a spring located between and in engagement with the thrust transferring end of
the bushing and the thrust receiving shoulder of the receptacle, the spring biasing the
bushing axially in a direction opposite to the thrust,

wherein the spring is a metal annular member having an axis that coincides with
the axis of the shaft, and

the anti-rotation member has an end that abuts the thrust receiving shoulder of

the receptacle radially outward from the spring.

7. The pump assembly according to any one of claims 1 to 6, wherein the runner
COMPIiSes:

an external flange extending radially from the body with the thrust transferring
face on one side of the flange;

a helical coolant groove formed on the cylindrical exterior of the body, the
helical coolant groove having a first end terminating at the thrust transferring face and a
second ¢nd terminating at an end of the body opposite the flange; and

a tlange flow port extending through the flange and registering with the first end

of the helical coolant groove to allow fluid within the pump to flow through the helical

coolant groove and the flange flow port.
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