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Cross-Reference to Rel ated Applications [0001] The
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15  which utilize an electroless nickel-boron coating applied to the sleeve and/or bearing
in order to reduce motor wear. The sleeve and/or bearing is made from a typically
low cost substrate material and coated with a layer of a nickel boron electroless
deposition coating. The surface of sleeve and/or bearing can be processed after
coating using a process, such as grinding, so that the finished dimensions will provide

20 the desired clearances for the pump motor. The sleeves and/or bearings can be
constructed to be interchangeable with existing standard non-coated bearings and
sleeves. Accordingly, the embodiments of the present invention provide a hardened

surface which decreases wear and improves running life of a submersible motor.
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[0009] The exemplary embodiments of the downhole assembly of the present
20  invention are used in oil and gas wells for producing large volumes of well fluid. As
illustrated in FIG. 1, downhole assembly 11 has a electrical submersible pump 13
("ESP™) with a large number of stages of impellers and diffusers. The pump is driven
by a downhole motor 10, which is a large three-phase AC motor. Motor 10 receives
power from a power source (not shown) via power cable 15. Motor 10 is filled with a
25  dielectric lubricant. A seal section 19 separates motor 10 from ESP 13 for equalizing
internal pressure of lubricant within the motor to that of the well bore. Additional
components may be included, such as a gas separator, a sand separator and a pressure
and temperature measuring module. Large ESP assemblies may exceed 100 feet in

length.

30 [0010] Referring to FIG. 2, an exemplary embodiment of the present invention,
motor 10 includes a cylindrical housing 12. A stator 14 is rigidly mounted within

cylindrical housing 12. Stator 14 is composed of a large number of flat magnetic
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of the shaft. ~The sections of the rotor 20 are not individually axially locked to the
20 shaft 18. However, the lowermost section of rotor 20 at the end of the shaft 18 is
axially locked to support the sections of the rotor 20 with respect to the shaft 18.

Also, the uppermost section of the rotor 20 will be axially locked to the shaft.

[0014] A bearing assembly is located between each of the rotor sections 20. The
bearing assembly includes a bushing or sleeve 26 that is secured to shaft 18 for
25  rotation therewith by means of a key (not shown) and an outer bearing body 28 or
carrier bearing. In the most preferred embodiment, the material used for the bearings
would be a Nitralloy or Stellite. Other alternatives include, but are not limited to, 300
Series and 400 Series stainless steels, many different grades of aluminum, nickel
alloys or other grates to tool steels. Sleeve 26 is cylindrical and preferably made of a
30  hardened substrate material, such as, for example, bronze and is axially locked to

shaft 18. In the most preferred embodiment, sleeve 26 would be a commercially
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of FIG 2, each rotor section 20 may be secured by a
woeapopzop3 shown) to the shaft 18 for rotation PCT/US2008/072422
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washer 32 may be made of a metallic material. The distance from the lower side of
the lower thrust washer 32 to the upperside of the upper thrust washer 32 is about 1/32
inch less than the height of sleeve 26. This prevents the thrust washers 32 from
supporting the weight of the rotor sections 20 located above. In an exemplary

25 embodiment, the bearing body 28 may travel from about 1/16" to %" and the
thickness of the thrust washer 32 may range from about 1/32" to 1/8".

[0017]  Further referring to the exemplary embodiment of FIG. 2, bearing body 28
has a flange or outer portion 34 that extends radially outward from hub 30. Outer
portion 34 has a cylindrical periphery 36 that is spaced inward from the inner wall 16
30 of stator 14 by a clearance of about 0.003 to 0.005 inch on the diameter. The
longitudinal thickness or height of the outer portion 34 is less than the distance
between the two adjacent end rings 24. A plurality of passages 38 extend through the
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desired. The thickness of coatmg 44 is exaggerated in FIG. 2 In the most preferred

20  embodiment, nickel-boron coating 44 has a thickness of .00075 inches (+/- .00025
inches). Other thicknesses, however, may be used if required to balance wear
performance for particular applications. The nickel-boron coating can be applied
using any variety of application techniques, such as, for example, those disclosed in

U.S. Patents 4,833,041 and 6,183,546.

25 [0020] Bearing body 28 may be machined after coating so that the finished
dimensions will provide the desired clearances between various components in motor
10. However, in the most preferred embodiment, post-coating machining is not
required because the substrate is machined prior to coating. Coating 44 is polished
after it is applied, if desired, to achieve a desired surface finish of 8-16 RMS
30 maximum. The outer diameter 46 of sleeve 26 is in sliding rotational engagement
with coating 44. In an alterative embodiment, nickel-boron coating 44 may be

applied to the outer surface 46 of sleeve 26 or the entire surface of sleeve 26, sized,
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10 [0022] During the testing of both motors, 10a and 10b, both motors were operated
for 24 hours at 150 degree F with each motor provided with six liters of CL-4
lubricating oil for lubricating the motors. During the testing of both motors, 10a and
10b, abrasive sand was initially added to the lubricating oil in the amount of 150 mL,
and then further abrasive sand added in 6 hour intervals in the amount of 50 mL. The

15  abrasive sand was INCAST Olivine #LE170 foundry sand. The comparative results

of the tests of the motors, 10a and 10b, was as follows:
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sleeve 26, in an abrasive environment, only produced wear on the sleeve ranging from
0.001 to 0.007 inches. On the other hand, operation of the motor 10b, that did not
include the nickel boron coating 44, in an abrasive environment, produced wear on
the sleeve ranging from 0.021 to 0.035 inches. This was an unexpected test result.
Furthermore, this exemplary comparative test result demonstrated that the motor 10a
would have a much longer bearing life than for the motor 10b. Finally, this
exemplary test result demonstrated that the motor 10a will have a much longer

operating life than the motor 10b.

[0024] The exemplary embodiments of the invention have significant advantages.
The coating of the exemplary embodiments of the present invention provide a
hardened surface which decreases wear between the shaft bushing and bearing and
improves motor running life. It is to be understood that the invention is not limited to

the exact details of construction, operation, exact materials, or embodiments shown
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testing of both notors, 10a and 10b, abrasive sand was
WO piovjozobyy added to the lubricating oil in thePERORWS/072422

of 150 mL, and then further abrasive sand added in 6

hour intervals in the anount of 50 nL. The abrasive

sand was | NCAST A ivine #LE170 foundry sand. The

c onpardatesovibed; esmbdifcatipnstane equisstests ofill bheppamstige one skiiigd in the

and ;rp b’FOIV\@)élﬂ:l%& ftﬂ%l Al%@b&&ogﬁé céﬁ‘ bg %gfﬂ{éﬁttcg %eegeebé/ axﬁtpﬁ‘) the

exenplary c arative exper|l Su operati on

of t baringbesty andér thehtatckneﬁ&:pﬁjﬂjeépy@m@nrﬁecwépd bvoatqbwve the same

coat [ Q44 applied to the sleeve 26, in an abrasive

environment, only produced wear on the sl eeve ranging

fromO0.001 to 0.007 inches. On the other hand,

operation of the notor 10b, that did not include the

ni ckel boron coating 44, in an abrasive environnent,

produced wear on the sleeve ranging fromO0.021 to

0. 035 inches. This was an unexpected test result.

Furthernore, this exenplary conparative test result

denonstrated that the notor 10a woul d have a mnuch

| onger bearing life than for the notor 10b. Finally,

this exenplary test result denonstrated that the notor

10a will have a nmuch | onger operating life than the

not or 10b. [0024] The exenpl ary enbodi nents of the

i nvention have significant advantages. The coating of

the exenpl ary enbodi nents of the present invention

provi de a hardened surface which decreases wear

bet ween the shaft bushing and bearing and inproves

notor running life. It is to be understood that the

invention is not limted to the exact details of

construction, operation, exact nmaterials, or

enbodi nent s shownand descri bed, as nodifications and

equi valents will be apparent to one skilled in the

art. For exanple, the nickel-boron |ayer can be

applied to the sleeve and to the bearing body and/ or

the thickness of the |ayer can be varied to achieve

the same results.Cl ains :



1. A subnersible punp notor, conprising: a rotatable
shaft; a sleeve coupled to the rotatable shaft; a

WO 2100/029ext i on coupl ed to the rotatabl e shaft ;PEI/US2008/072422
housi ng for receiving the shaft, the sleeve and the
rotor section; a stator section coupled to and
positioned within the housing; and a tubul ar bearing
t hat Chashes with and recei ves the sl eeve coupled to and
positioned within the housing; wherein at | east one of
the gl eeve A%th@i%le%ﬁghﬁ%r Q:@xﬂpﬁém%e a coating
conpri sed of a nickel-boron. The subnersi bl e punp
notor of cl aj wherein the sleeve is fabricated
fronlnatéVP%{E1§ ected fromthe group consisting of:
62 bronze, 660 bronze, and Al SI 1018-1040 steel. 3.
The subnersiietd wupledho theootetebloghadil ai m 1, wherein the
bearing is fabricated froma nitralloy. 4. The

sybner si bl 81oPiBRonBEE 16 the Gdt@hbR shaftvher ei n t he
ni ckel - boron coating conprises a nickel -boron

glf eglt ;?lme %usilj\?é orS rect:el\gla%the shaé QE sot’lc)a?egegnrd%e r{)tor &ctrg%] ot or
conprises, by weig ercentage, 4.5%to 7. O@bboron

and the wasramﬁ@@:ﬁﬁm @cwe d togind mélogﬁbwﬁmsﬁhbh@smrﬁpd ot or

of claim1, wherein a thickness of the nickel boron

coati ng iaStuailgubeaflnd Y Maieh GhiiSand freceMa€ tizUERE Sbilpled to and

purp 1ot or - of ol 1) L ET.EL gt e N ckel -boron

10 wherein at least one of the sleeve and the bearing comprise a coating

comprised of a nickel-boron.

2. The submersible pump motor of claim 1, wherein the sleeve is fabricated
from materials selected from the group consisting of: 62 bronze, 660 bronze, and AISI
1018-1040 steel.

15 3. The submersible pump motor of claim 1, wherein the bearing is fabricated

from a nitralloy.

4, The submersible pump motor of claim 1, wherein the nickel-boron coating

comprises a nickel-boron electroless deposition.

5. The submersible pump motor of claim 1, wherein the nickel-boron coating

20  comprises, by weight percentage, 4.5% to 7.0% boron, and the balance nickel.

6. The submersible pump motor of claim 1, wherein a thickness of the nickel-

boron coating is about 0.00075 inches.

7. The submersible pump motor of claim 1, wherein the nickel-boron coating

comprises a surface finish of 8 to 16 RMS maximum.



conprises a surface finish of 8 to 16 RVM5 maxi num 8. A
bearing assenbly for use in a subnersible punp notor

WO baw/ozoapri ses a shaft having a rotor secti onPCOURL00$1072422
thereto and a housing for receiving the shaft and
having a stator section coupled thereto, the assenbly
conprising: a sleeve adapted to be coupled to the
r ot ag-abl e ghtehting @ehbly foubglimp siberrsittgpunipanotmathgomprisas a

and gh@lﬁ%h 1?%";‘“ ];olf'(fl“ s§ét1§§¥<ﬁ.\8fag %Fe?dj%gl% hgﬁslﬂ:gofgp{eggwﬁéjth@%ﬁ and

p03|t|one u3|n£ erein at |east one
t he Bdvégwnstaim aectlwec%em theygtoctderssinhdy eompaising:ng
conprised of a nickel-boron. 9. The assenbly of claim

8, wher eianlcbhendsprerd ®e tspledbrthentatllelshgmummt eri al s
selected fromthe group consisting of: 62 bronze, 660

onz €, V\ﬂ)dﬁl §ear1éllggh§ &Q%Qmﬁxtagg l'e el%&g the F@\éf;aaégp%ml ¥e qupled

a|n18 erein earln rica
n|traIon. 1lunmhemﬂseeh®Myn@¢h@ﬁm&n18, wherein the
ni ckel - boron coating conprises a nickel -boron

el ectrol gaRrcfe ROKaltl @R- oflthe sldefe ARE AEObMrRE EMpis B.coating
wherei n the ni ckel -boron coating conprises, by weight

percent age, 4°BUsE of 20WKUBPOR, “and t he bal ance
ni ckel . 13. The assenbly of cla|n18, wherein a
t hi ckness dhehhenmy©kehmeHMRmmoabmm9mnsﬁmhuuaiﬂmﬁ@@ﬁﬁms

15]Ch ?ecg&‘l‘rom-r{k]le g%%ﬁ%onmsﬁ%% Bf %5 %}onze ’6? r%ﬂ eeI o J%FSI 10188 -1040

| ck&l - bor on I'ses
to 1§eeRVS maxi mum 15. A net hod of nanufacturlng a
subnersi bl e punp notor that conprises a shaft having a

r ot 0o, sect RH 2 BHbIR AR CEWEPUHPINE HeatilS s A Ric AP a nitralloy.
housi ng for receiving

11. The assembly of claim 8, wherein the nickel-boron coating comprises a

nickel-boron electroless deposition.

15  12. The assembly of claim 8, wherein the nickel-boron coating comprises, by

weight percentage, 4.5% to 7.0% boron, and the balance nickel.

13. The assembly of claim 8, wherein a thickness of the nickel-boron coating is

about 0.00075 inches.

14. The assembly of claim 8, wherein the nickel-boron coating comprises a

20  surface finish of 8 to 16 RMS maximum.

15. A method of manufacturing a submersible pump motor that comprises a
shaft having a rotor section and a sleeve coupled thereto and a housing for receiving
the shaft and rotor section having a stator section and a bearing body coupled thereto,
the sleeve positioned within and mating with the bearing body the method

25  comprising:

applying a coating of a nickel-boron to at least one of the sleeve and the

bearing body.

10



the shaft and rotor section having a stator section

and a bearing body coupled thereto, the sl eeve
w@o®oozwaed within and mating with the beari ngP@DUg20081€72422

met hod conprising: applying a coating of a

ni ckel -boron to at | east one of the sleeve and the

bearing body. 16. The nethod of claim 15, wherein the

sl eel® is flhbmictat of clhimohd, vderein tht sleevg|ie Gbeichtddr fomm matsrials

gr ouRy LARSGH D %ro%[% cor@%ﬂﬁ’g’ G062 troR D0 6B B3A%: arél”ﬁlsﬁ'lﬁs 1040

1018-1040 st eel met hod of claim 15, wherein

the Bedring is fabrlcated froma nitralloy. 18. The

nmet hod of claim 15, wherein the nickel-boron coating

conpii.ses ghoinehed ofanins elerinthd Rasnede pbSdatdd @dm alftralloy.

The nethod of claim 15, wherein the nickel-boron

coeatifhg co | V. i,gh

o ott-and The Y Ll Eehdah SR hRA%kf bihP clplifs »

15, mmbﬂ@mnnak@hW@kheggmmf the nickel -boron coating is

about 0.00075 inches. 21. The nethod of claim 15,

wher ¢9.n t hgpainfelRh 'ob@lﬁiﬁﬂl?%%ﬂeﬂlgthé«‘ﬂﬁpdlibﬁﬁﬁ cBatBbl cbBsRes, by

finish of 8 to 16_ RMS i mum
weight percentage, 4.5% to 7.0% boron and the balance nickel.

20. The method of claim 15, wherein a thickness of the nickel-boron coating is

10  about 0.00075 inches.

21. The method of claim 15, wherein the nickel-boron coating comprises a

surface finish of 8§ to 16 RMS maximum.

11



