NEW AND | MPROVED ESP MOTOR DESI GN BACKGROUND 1. Cross-Reference to
Rel at ed Applications 5[ 0001] The present application clains priority
to and t hewkengfdizliosgf U.S. Provisional Patent Applicati

60/ 954, 523, flled on 8/ 7/ 2007, the disclosure of which P@nb@wowwnmu
i ncorporated herein by reference. 2. Field of Inventlon [0002]Th|s
invention relates in general to submersible punp notors, and in 10
particular to a har deneEiesMD MIBROVIP HSIWITPOREOEMEN 2

ni ckel -boron | ayer which decreases wear and inproves running life.
SUMMARY OF | NVENTI ON [ 0003] I n vi ew GAGHERPENBoj ng, enbodi nents of
the present invention beneficially provide a new and inproved

el ectrical subnelrstOSS_R%%r ncngtfgliat&nd el at ed nmet hods 15 whi ch
utilize an el ectro)—esrm—ggé—bﬁr-m%?éﬁ—ﬁ’? applied to the sl eeve
and/ or bearing in order to reduce_ not or wear. The sl eeve and/or
bearing is e P alfey picteal FRPlcgian s otipdy riat @dntie chonefit efnllS.
coated with a I BreMisicnhl Patddt ﬁbﬁicatibﬁmnémﬁtsti qRSH FBPS) thi BiklGEILF NY.

The surface of Slh(?c ve. an or:gcd re?jarblr} can be processed after coati ng
usi ng a process, " such"a8PYTT oIy "€8°Yfat the fini shed di mensi ons

wi Il provide 20 the desired clearances for the punp notor. The
sl eeves and/ or Heari BiglofIavemionconstructed to be interchangeable wth

exi sting st andar[abuapn T LPehtbL a81LtI R @ﬂdalsﬂoes@m@smfé\qaﬁ@b CthdA@H, Yand tile

enbodi nent s [ t nt i on, DL OV surface ich
decr eases wng %CQ Tq? S\rl)”érgenre CHAREY F’eém?ﬁ coﬁte%ﬁg]?rﬁfllglfegpcgorhjﬁi’eé?"hw

BRI EF DESCRI PTI @&bréﬁ@eswwnﬂlmrm[e@%ﬂ]i@dﬁe of the features and
benefits of the present invention having been stated, others wl|

become apparent as the descri ptisumMmAReeRdNviEaioNaken i n conjunction
ber spenti ve v o P! SRR BB R TR ar L b g one el
submrer si bl e punppraskaemevyand [lHO6d Flk@icalsubmesible pang inator ardedtedmethodyi ew
of an electr &5ca|\vl'§éﬁtlﬁﬁ£eszjntélle%trﬁ&ts Qlckel-boron coating applied fo 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.



according to an exenpl ary enbodi nent of the present invention; and
[0007]FIG 3 is an enlarged sectional view of a nickel-boron |ayer
accordi ng H@ Aatkdeexenpl ary enbodi nent of the present b@ﬁ%@fnbb‘?&mzz
DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS [ 0008] The present
invention will now be described nore fully hereinafter with reference
to the acconpanyi ng drawi ngs i n which exenplary enbodi nents of the

i nvention are shown. This i rBMiIIB‘SMIMEDRAWM,SenbOdi ed in many
di fferent 15 f%dﬁ& af‘s‘éné h)@lilllledfe&%s Q‘ﬂ b(é%l%st 5fl{ Pt@&n{]fnmn'&l&p §1igtb|g§l

illustrated enbodi rrents set forth herein;

are provided so SBR&t OBHF Sl seImsstmpEenhias Ith%éﬁsﬁrlﬁ@ugwcﬁﬁ’d vehermrken &,
and W || fully eefgueyorwith tRCpenpadyidelitiwiday @ihied to those skilled in
the art. Like nunbers refer to like elenents throughout. [0009] The
exenpl ary emodigRpt s b, {48 mel\%waﬁgﬁ%h%lagj erftdRh& e T
invention are used in oil uci ng Vol u

of well fluid. A%b“}efsfblf‘sﬂul“a’taé?@m  FIG 1, downhol e assenbl y II has a

el ectrical subrrqa(lmﬁ]bl FIGURPis Ja3paﬁ~naE5‘sE’6tloMul tiewdofl & BEctATB@meRibleShages
of inpellers and d| 5,91 iven b){/efa downhol e not or

10, which is a P&’g “gtg(h eé‘el%l%@‘g%’gp ® PRBTLFYerE°Y 8¥%i ves power
froma power sodﬁﬂﬂﬂ ( FEE. 3sihavem)argeid wcqmmlemevmibInekﬂ5orowhvaracomeg30 an
filled with g %ﬁarr%ia%l&%Bhﬁm‘o‘ﬂﬁ'&b{éé’cﬂﬁmveﬁnoﬁea' section 19 separates
nmot or 10 from ESP eq ng I nt erna ressure of Iubrlcant
within the notor tBELALEDDESE NOVEHE EXEM: OREURNES s may
be included, sugiuoggs a‘hg@ﬁeséiﬁﬂﬁérﬁibﬂiwll @usadlaksﬁﬁaﬁ&akq&u}ama@ﬁmﬁaﬁure
and tenperature %reasurl e ESP a senbl i es FB exc ed 100
¥ SPBsiE

| e. I’
Foa o B o R e e e T 20 S AT R ibent
of the present iinvemsiot pershowmnt Bhis meentmcrhudbcsveaercw ¢ntehdied &l mzhlg;ldﬁ’ferbgt 12.
A stator 14 jss rfarals erdyshsmm&%s' ccms&(;gagﬁ ik eh %dtﬁé ﬁﬁltratlg k&@m&l?s srt% tor

14 is conposed of a larg
| ami nat i ons, ha\li‘Frﬁ‘@ rétlht”ft @e%ewmbw@newwowﬁ é%thetﬁhjﬁ distiepurs)with Pethumseind

in a conventi Ionaiui SERIMRE! andAVill ﬁllmoﬁbyfs{ﬁs s@dbe &Eﬁélﬁf]en%bt@ﬂ%s&sq{m@ﬁﬁﬁie of
magnetic stee ro other by coatings in a
convent i onal naﬁﬁd]rgaé{”ﬂ’teﬁf&‘sféfo 59% Iili%of‘l%?’hal i nner wall 16 that
is of a uniformconstant dianeter. 5[0011] Further referring to the
exenpl ary enbodi®¥t dhe Fregplay crbdgrel Hotbe ARl ssiemblyt ofbihy Presant ed

within the cl i nﬁéﬂt@ahrelu@d&eﬁ oivald gaétﬁelraffor$,£oaﬁ&{g Ia-[ﬂe vollteso@4QN mag sl y
is conprised of

nd u netal | i c _di sks or
| ami nati ons. éﬂFt tl%(g g da‘f@‘ L" @%&8@ nl’taf)a e&f@‘i‘i‘ﬁ‘idéa‘?‘“et’%'{l%?“mp 13
sections 20. I n(EﬁE“)mmlqygeeﬁmberad stegeiofdinpatiats ,anddiffﬂnerss@metpmis #Werar e
fifteen inches [ i t 20
are shown in FI o'y ZH%hﬁr%%%rlgg‘éﬁ%@%%ﬁ _ﬂﬁ& &lfasr? %{ﬁ er vvaf’tlﬁleg)tzge%ﬁ&t
cl osel y spaced POVY Fem@&porpdeiresinotshiye) viaapyer sableolS. Mozardp istuled Wighoh

rotor section 2Qieiesri6 R6icaRE AbééaleQ@EﬂQ £epﬂ§ces(nmc§r 1§%WESP Wf&rféq&ﬁﬂﬁger
end rings 24 on. both sides.

b
mechani cal |y bolf& ‘Sssﬂ'lﬁe"féﬂ’(ﬁmr‘ﬁt ﬁ’&g‘ fﬁ’ I’F?ﬁ‘%ﬁgl%'ng’Wég (P)"&]rslnbgrr&'? M%‘ggqgh o

each rotor sect compodénts mgeichmluded, 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



15[ 0013] Further referring to the exenplary enbodi nent of FIG 2, each
rotor section 20 may be secured by a key (not shown) to the shaft 18
for rotati Lth. Alternatively, or in addition t

r et ai ni ng ?Jibn%mn%?y%e attached at the top and bottom ofi;?ﬁ%g‘ﬂ 8"?’%“%8
to prevent novenent of the rotor sections 20 beyond the ends of the
shaft. The sections of the rotor 20 are not individually axially

| ocked to the 20ishablied lBinatiowsehaging sloth hrdughvehintostres$me shioom) B¢ wowet @r 20
at the end of t I ns
at the end 20'1‘%”?@3‘];‘532'1“238*‘& A iRl deGH Py aﬁé;joﬁqggs@wm{%ta&m%ﬁa%@ao
section of the reF Iwaw frqm Ei’éh BT B PIpLings ieeanyeptiqnplanaspasf Etato{ Bhay] A
bearing assenbl i dyfndried ainedvalab vRERoAaGforRfcodshe: dideRf. sections 20.
The bearing assenbly includes a bushing or sleeve 26 that is secured

to shaft 18 for ghf otﬁhhmef&nﬁgwe eﬁenbarabry&m%am% O%Fi%ﬁ& m%ag%émw)

and an outer bear| n or carrier

preferred enbodil ﬁﬁtﬁ%bl& ﬁ‘é“"i‘ﬁgt‘é‘ﬁ"a?he &&'@’éf‘?abﬁnn?rh‘léa“b@a?f WY WouTl”G TBiEr a

Nitrall oy or Stekdeinb®.is %h@xﬁsa@-b‘f%ﬂh@ﬂ|1‘Se€§1d|anﬁ¥gk!dﬁlmbauéf RE@1HO Qlisks or
limted to, 300 Serles al nl ess st ee

S
di fferent grades™BF8M ﬁlﬁlﬁ HlnmaH?néI?rgedwqS%IBVsId%'P“&)f%OéFGCB?'ﬁgES%tﬂ&F 1b
steel s. Sl eeve 2&firsdembadimkni, cddr sectichs 30 ek diftedn linchestrdlengtf. a 30har dened
substrate material, such as, for exanple, bronze and is axially

| ocked to shaft [dd2) | mp&aomsﬁm Rioe btidne do @ bRdL NENG. 2.SERS Y&ord&e¥pul d

be a conmerci all avai | abl uch as, for, ex | e, UNS C90500
(Bronze 62) or 6&@“@@& bwil%ﬁﬁg ﬁoﬁ‘%’ SPfed 9 t&%m&@?}rﬁ)‘}e&wﬂ{/%fzﬁ‘ﬁﬁ%
ste_el such as All%| Exgi®iol G40on Bubsstquet &g comper tods Goiphbwodwists cdpper snd
tubings, casti ngﬁgs ﬁép&gb&g%!deéjo’fﬁ%eéngg Ofrﬁlg %l) (BJgrr ro%zmgrb}{?zéc?or l-lll_&(ﬁ?mcally I

substrate hardness is pi cal to owever

vary 5si gni fi carfepdgd H’éb%"r%lF‘ﬁ@“ %@ch{th%law@m igleack qtesceeaign 20 laeasst
applications, cost and availability will be the principal driver in
selecting a §ubs[00rlal e Hvetharmefairing [t0 Glieb $-empliyesmbodifventr 6fNEIGE @, kvl rotor

exenpl ary embodi [ALSTENS 2@1@1&}’%6@!3011?@1 ng Pﬁ mggﬁov&?%qhe aft {gfgwo‘%{iol{ t#'ugévs) {

sl eeve 26 contacts the ["ower nost of the section o
20 directly abovetematigly; prein|addiign thagje agptaiging ape masbodttaghsd @t tho @p and

directly bel ow. pitaes 6f Q¢ Saft l@tosﬂr@@ﬁfc@noaﬁne?@mﬁgr%@r tehgon¥ed Bybndobe dde
rotor sections 2 blcl)ve ef d trans ts ag¥ down) force on rotor

sections 20 abovh'¥ %?(eft'qnﬁ ® [ 6P et P’l ‘23613’ agakyelacked & Body
28 has a hub2oor shaftn@r Iﬁmdvcrotme:k@vet-rhcat sect$on| cf e@bred anitichend of the slnal&rﬁesns

e Cdi ameter St ootehp Wkl e CeARRANR: REL UB Sty B0 b Ll &
and has | ess | erfgtonthe Hepsmadsieseqfin Q‘Ghe oter 2wl s axigdly fockedds the ﬁ@tﬂ

enbodi ment, hub 30 is steel and nay be magnetic. [0016] A thrust
washer 32 is | ogétied a4 beandg §ssenbbuis dicated bamader each bf St atvac@ionsadld The

bet ween the Secqaleé?ﬂﬁ% s(glrngkql:lchﬁgf glb{l%ﬁ l(}{' S%Q‘%V o QldlétS&%reHQQ %{1 ﬂepﬁg%r of

hub or inner portio Fust™ was
bet ween t he fpSOV\éqatatgﬁgEerqﬂxthmgbneggs 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



and the rotor section 20 directly below. Thrust washers 32 are
preferably of a non- 20 netallic material, such as gI ass reinforced
phenol i c n@lShhdla109pl t €rnatively, the thrust washer LuSR0dBIE, Of
a nmetallic material. The distance fromthe | ower S|de 0 H Power

t hrust 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

t hrust washers 3%1&51@!5}@50@&[ b, @ ckdnepiopengioosdo BhRz¢ 01k 18&Ctdsems 20

| ocat ed above. enp ar 28 may
travel from aboﬁ&o 0tr 3 CTP%HCI davf’i?f%p%ﬁ? @ﬁ%‘e’?ﬁgﬁ{%ﬂgo@h%wms
washer 32 may ramgbe f>up9hndadscbalts, WhigR, casiingd,/fBingd, POEdRUN¢klex orherfvm-.n ng
to the exenpl ar ypenbadhdeitan@l i&hBicad 1 %' 90 Hagélgr OmeEé?,b[t%b

or outer portion 34 that extends radi-al out wa ter
portion 34 has &EBYFAHYPREBIGEROR ﬁlrfemgrer@ selepigd- {nsmay; erligationtadesd 28dr om

the inner wall h6Gil381i®fwisbahoprintdalldsverinGhiedingnsest@fe nadpit 0. 003 to
0. 005 inch on the dianeter. The |ongitudinal thickness or height of

the outer portigghi3t 'Pﬁrtl‘)&‘??e?erﬁ@@thrc Q)%mg]a@te%&ﬁm%ga’ﬁ%% é‘h’q‘ﬁ cWQd o e

adj acent end rings 24. uralit assa ext en
outer portion 3&"?“&’ “E‘o?ﬁ?g?l e@éFPWtSdlfel 1°‘i§f‘6’ﬁ‘t? eppEgtioR) thﬁfieﬁe‘tnﬁéoﬁféfeé%‘ﬂng
12. Bearing bodyi&8y ki ve@ndik loyveﬂédg@oﬂ}&&fgeﬂBﬂoﬁﬂﬁlﬁdlfe&!}eoemx Qﬁér@dare

h f nitral referring,to th
oxompi oty aniSon a6 Mo hS¥ieiaticst Bl Folreratir FAhdshaty TSty b
beari ng body 28 downverd @mﬂqnontosaectms 2apbern hutha ey lowy eotar seg@v 20y A 5
40 extending ci b, eéog%lhaémb% %&%@8@ dﬂﬂg I{Jra&yed%ﬁmﬂﬁﬂfm%&ytfar

to the axis of shaf erab
cross-section. AffhepdbEedfevitca %?aé%ahet“@?n thw@rma% @nqré@@ptereaadmpmh n

cavity 40. Ri ng3d3uterSdigieta@n }Bbaﬁﬁswy'ﬂrfdklealﬁf&i}ﬁﬁ 1e8d lehdidthablbdve SVEInl the
under prol onged cont ECt Wi i at will be contained

.the . type of oil
within the stat 8PViPRfe é’fedﬁlgﬁomrieé'% h’l’%ﬁtlﬁsgeeh%’gfm%&e’?@?té’d enbodi nent ,
ring 43 is an 10et hyl ene-p }/I ene rubber as described in U S Pat .
No. 4,513,215, MN§él z’ethf'lf%?? ner33|is Ieatqdpround) the opiRedienetermy sieeye Rf @nd 3,

an exerrpl ary emaadbdﬂi&ﬂé sddfiort SrarofdF ©F Bitketly AD6RNANHARe mﬁ;ersgdg@eﬁﬁubaﬁhﬁnyr
il lustrated. The

coated with a mp% ﬁ% ‘g n%ft c”ftr%ﬁsgeégz Hgfbcgtgﬁ’ Fef“ﬁ??ngl% lf"ﬁerc?fi%feqfh'c‘lbm

decr ease notor \amb_hhe anhat section 20 directly below. Thrust washers 32 are preferably of a non-

20 metallic material, such as glass reinforced phenolic material. Alternatively, the thrust

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. CQuter
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



15 inprove running life. However, in the alternative, all surfaces of
beari ng body 28 nay be coated with coating 44. In the nost preferred

enbodi ment wotJgoe@ERosi tion of coating 44 is 4.5%7.0%
wei ght and bal ance to nickel, with | ess than 1.0% by wel ﬁﬁo@/mz‘m

inmpurities or other elenents; however, other ratios nay be utilized
as desired. The thickness of coating 44 is exaggerated in FIG 2. In
t he nost pref er redr ﬂﬁtlmﬁi i ynicAting ko cobt@;hﬁnwmlatﬂen@us%@ 1AaSBedring

thi ckness of OQ;QJ i lfopr%i] (oil-é haade{qgiqsﬁl?sfr matena) 'suC as % rexa eklﬂg?%%}/

however, may be uSe Ahoa sy nce
parti cuI ar appli catl ons. The ni ckel - boron coati ng can be appl ied
usi ng any vari etl§P18k Aupher cofrrivmtorthe Framplers smbediment SEFIGE &y the cubindrical
t hose di scl osed pediphbly S6 oPant 8datisg gbdP 38 it borditrl 4had S3anbdiar. groove or caVIty

25[ ONC Bearing hedy, 28 grr%n?fgmgﬁw 'ﬁ@&g Blhg 30@?)2? l gD%ndz%uaB o &% & Sof

fini shed di nénsions w esi e
vari ous conponesnhadt 1§ rﬁs‘mﬂbfr 4065, prefomlely gectangylart heraspsictiqnr efie ratastgmeric

enbodi ment, postregeih ALk MBERENA Yithis cM& 44, eﬂh‘é ied opﬁ(\eﬁ%ﬁeﬁch@dten ]
substratels machlnegf\{)rlor to coatin i ng 44|s ol 1 shed after

it is applied, i#tgdsfredqgnd "trd’r‘é{‘HﬁF‘b%g‘%‘ V&g’s‘ih? E’éle stipit Helewil bsi °§Hta‘6?d
8-16 RV 30 maxiitinnthe Jiyer thidreiorediéanmatigs mésd pﬁferrsd en&b/cﬂm%ﬁt irifig 4B is an

sliding rota O@%Fle%g&%%? g%obé@‘ag H Lfg%%& k ”Q s4§at No é d st ﬁrraltﬂtav?%s

enbodi nent, nicke

surface 46 of sPsEXEa26 or the entire surface of sl eeve 26, sized,
machi ned and pol i shed as previously discussed. Bearing assenbly 28
and sl eeve 26 cavie (RBfm&irng@FFZd:&jmeaaﬁﬂdrﬁlatﬁlﬁlﬁmv&li&fﬂ&fﬂi&éﬂtﬁiﬁf@itﬁm@f

the present i nvgcgltemglt%al:l}' il s(?ratcitcrl'l t'ﬁ{eqhan% € clzr%f Wlbtiir(] ea%t I %%52% ?s%%% Ll

non- coat ed bearings an TH&n exe
enbodi nent commthatrm}fel boe@ttrlwgolmsielﬁmmgrn%mt@dbrtt@d@mmam@omh@r ambunt

of wear in tfie $}86% uRfingYE. %@Hengn %L% aﬁHﬁduQQ afi Qerféa&eaf%arﬁg b8dy dghe

motor 10. In particular, as set forth bel ow, first notor I10a was
fabricated that Ma%EF 6o YiReoRng #&| I"Hbf‘r Best Eb%frr%aﬂh«vﬂlmﬁmtha caRRogHen
mot or 106 was f abtdatimd edistdsas- 7d%CboﬂﬁtbyI\ﬂa@éhU€lﬁl Balh@ca o GlkRél, BEK QB than

coating: Mtor %IQ@%V (?lt {:rlnp]untlesg %ﬁere em n%s howevernoth%(r)a lS%@@ﬁ%é%BZ%d as

Fabri cated from romyYes - ’coatihg
Centrall oy 155, desirpd B1e|tty9knp$ of coating 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 10 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 coafing 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,



commercially available fromUnilift 44 was provided on the sleeve 26
Enertech 10b Fabricated from Fabricated from No Bronze 660

Central | oywlpRosidides @l 1oy is commercially available frgm.taitlft. .,
Enertech

machined and polished as previously discussed. Bearing assembly 28 and sleeve 26
can be constructed in accordance with embodiments of the present invention to be

interchangeable with existing standard non-coated bearings and sleeves.

[0021] In an exemplary experimental embodiment, comparative testing was
5  conducted to compare the amount of wear in the sleeve 26 and bearing 28 during the
operation of the motor 10. In particular, as set forth below, a first motor 10a was
fabricated that included the nickel boron coating 44 and a second motor 10b was

fabricated that did not include the nickel boron coating;

Motor Sleeve 26 Bearing 28 Nickel-Boron
Coating 44
10a Fabricated from Fabricated from Yes — the coating
Bronze 660 Centralloy 155, this | 44 was provided on
alloy is the sleeve 26
commercially

available from Uniliit

Enertech
10b Fabricated from Fabricated from No
Bronze 660 Centralloy 155, this
alloy is
commercially

available from Unifift
Enertech

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 raL. The

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

of the tests of the motors, 10a and 10b, was as foliows;



10[ 0022] During the testing of both notors, 10a and 10b, both notors
were operated for 24 hours at 150 degree F with each notor provided
with siXx | {Iffose@hoest-4 lubricating oil for lubricating

During the tegfynﬁmof both notors, 10a and 10b, abrasivg&QQ%@B%Q%&Z
initially added to the lubricating oil in the amobunt of 150 ni, and
then further abrasive sand added in 6 hour intervals in the anmount of

50 nL. The 15 dhvaod Ve Sandpw@rse | NCAST O 1AfteR€ FLEL/U T OREGTY sand.
The conparativeg resultis of the tests|of the nmotorsf 10a and 10b, | was
as fol lows:  Nbtor Bef obfabithliofil’™NSl@ifucdlods B NP St o3|
di mensions in ijnches) War (a i mepsions 1 ninches Sl eeve 26
Bearing 28 Sl edve 26 Beari ng<®s inches) inches)
Sleeve 26 | Bearing | Sleeve 26 | Bearing | Sleeve 26 | Bearing
28 28 28
10a 1.684 1.6885 1.677 to| 1.685 0.001 to|0.0
1.683 0.007
(with
coating
44)
10b 1.684 1.6885. 1.649 to | 1.689 0.021 to| 0.0005
(without 1.663 0.035
coating
44)
[0023] As demonstrated by the exemplary comparative experimental results,

operation of the motor 10a, that included the nickel boron coating 44 applied to the
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
inctude 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 iest result demonstrated that the motor 10a
would have a much longer bearing life than for the motor 10b. Finally, this
10 ecxemplary test result demonstrated that the motor 10a will have a much longer

operating life than the motor 10b.

[0024]

The coating of the exemplary embodiments of the present invention provide a

The exemplary embodiments of the invention have significant advantages.

hardened surface which decreases wear between the shaft bushing and bearing and
15  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



Sl eeve 26 Bearing 28 10a (with coating 44) 1.684 1.6885 1.677to 1.683
1.685 0.001to 0.007 0.0 10b (wi thout coating 44) 1.684 1.6885 1.649t0
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and described, as modifications and equivalents will be apparent to one skilied in the
art. For example, the nickel-boron layer can be applied to the sleeve and to the
bearing body and/or the thickness of the layer can be varied to achieve the same

results.



0. 0005 10023] As denobnstrated by the exenplary conparative
experinmental results, operation of the notor 10a, that included the
ni ckel boron coating 44 applied to the sleeve 26, in an abrasive

envi ronnment, only produced wear on the sleeve ranging from5 0.001 to
0. 007 inches. On the other hand, operati-on of the notor 10b, that did
not include the @iLad@&Sboron coating 44, in an abrasive environnment,
produced wear on the sleeve ranging from0.021 to 0.035 inches. This
was an unexpected test result. Furthernore, this exenplary
conpar ati ve t estl. Aesubiherénerpsimatestor, katmpriengot or  10a woul d have a
much | onger bearg pgathhfssHafan for the notor 10b. Finally, this 10

mich' | onger eiLeiaiﬁ?ﬁéﬁf FEROE RERP I sl PRl Aol Lo P

embodi ments of t h& Wé‘ilﬂpi on have significant advantages, The coating
of the exenpl ar y miboseatant soufledHe tgﬁesmblem&l@fﬂfmrrom’fmn de a
har dened surface vigretvidgcr eases wear between the shaft bushing and

Dha R et %&fﬁaaﬁf {;j;@gi*% t§§§ gd‘gﬂgg‘gté% iﬁjﬁ f&f“&“ st ood
gt e pousing beipg flled gl a dIGCCHIC by

construction, ope g, S 1%hown and
descri bed, as nmodff#ati ons and equi valents will be apparent to one
skilled in the arstatoEsectéxaoided ttrandipokiionsdrmvaithingiehosan be
applied to the sl égye and to the bearing body and/or the thickness of

the layer can be, yarird iQiarhesyss b8y Sk ffﬁ%ﬁmbﬁgv%% 1A
s tes Wit

subner si bl e punp notLqQr., .. conprl st nd;: 8¥ e tallic
sl eeve coupl ed todpggldrv&%ggﬁwéérsﬁaﬂ?iﬁg ro Ef;[o .fhétewth; a rotor
section coupled t @REHECPIES ARECE RUIRIFEH! SUHRGE (O 1BE SIAGi t h.

~ the bearing body coupled to.and positioned for non

~ rotation within the housing;

wherein at least one of the cylindrical surfaces of the sleeve

and the bearing body comprises a coating comyprised of

- anickel-boron; and

wherein a thickness of the nickel-boron coating is about

0.00075 inches plus or minus 0.00025 inches.

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.

3. The submersible pump motor of claim 1, wherein the
bearing body 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 comprises, by weight percentage, 4.5%
to 7.0% boron, and the balance nickel. N

6. A submersible pump motor, comprising;

a rotatable shaft; . :

a metallic sleeve coupled to the rotatable shaft for rotation

thergwith; “ -
~ a rotor section coupled to the rotatable shaft for rotation
therewith;



a housing for receiving the shaft, the sleeve and the rotor section,
- the housing being filled wwth a dielectric lubricant; a stator '
section coupled to and positioned within the housing; a netallic

t ubul ar bearing body imersed in the |lubricant and having an inner
cylindrical surface that mates with and receives an outer cylindrical
surface of the sleeve, the bearing body coupled to and 'positioned
for non rotation_w thin the housing; erein at | east one of the
cylindri cal suﬁ?%ﬁ@%n%f0?H¥*§f@%6gg§h%gt _ %QW%?Rﬁﬁgianﬁbnprises a
coating conpri sedegon, thedwasingdeing tHled withay diclecirie hilkness of the
ni ckel - boron coatceng i s about 0.00075 inches plus or m nus 0.00025

i nches. 2. Thestarreesbbteupletno amtigiositotddavithin hotighei n the

]

sl eeve is fabricakedlf nomaRbelif) Bodfhittisded 1P etlla@ GRP
consisting of: 6 r r . S| ,,1018- 8 0,steel . 3.
The submersi bl e g‘& %%f%ﬂgg&%cﬁ rica ‘ér&l%'%ﬂ% BIES W body -i s
fabricated from ADfifEFEIVPHHR outar Cyrlricnl surkcpiod the or of claim
1, wherein the . the¢ diceringobedy soaplatyte aumdr pestionedifok alombor on

el ectrol ess deposotation. within thelimusidgyer si bl e punp motor of claim1,

wherein the ni GiedreliP4tdBastOAL LPEYRIArREAP suricadRr il sipgfLent age,

4. 5% to 7. 0% bor anq R fehie BRHOREALMENS coltimabRithIRERLP! © punp
not or, conprising;. . ,ro]ga aple sharts "a e AR eve, coupled to
the rotatabl e shgfql_g]f%lr' OFafidn therewith;' 4 a rotor section

coupl ed to the WirsihtednickelrborogrcoagingtGanPHsRssraee figr housing t or
recei vi ng the shagh of 8lie 16| RMfenwaénune rot or section, the housing
being filled W A seating sssémbly forluse dantubaestiblepungegiotemn coupled to
and posi ti ongHaéditihAsEON ShAM hadinged Altbl SediitiéAipl 08 MdrB@ body :

| rmersed in .tz{ﬁ‘ha b I{SWEOP?QCMB%ea&EIf?% 4. ik %%sﬁa?&r surface
that mates w .and 1 Lves agﬁechﬁ‘ter. g% I n llq%ﬁl. ur e of the

sl eeve, the BESHPREC e, Noietiy el wihagdielagn r ot at i on
wi t hin the hdtisilibicant, the assembly comprising: :

a metallic, sleeve adapted to be coupled to the rotatable
shaft for rotation therewith, the sleeve having an outer
cylindrical surface;

a metallic tubular bearing body that has an inner cylindrical
surface that mates with and receives the outer cylindrical
surface of the sleeve, the bearing body being adapted to
be coupled to and position within the housing for non
rotation in the housing;

wherein the cylindrical surface of at least one of the sleeve
and the hearing body comprises a coating comprised of
a nickel-boron; and

wherein the nickel-boron coating comprises a surface fin-
ish of 8 to 16 RMS maximum.

8. The assembly of claim 7, wherein the sleeve is fabricated
from materials selected from the group consisting of: 62
bronze, 660 bronze, and AIST 1018-1040 steel.

9. The assembly of claim 7, wherein the bearing body is
fabricated from a nitralloy. 7

10. The assembly of claim 7, wherein the nickel-boron
coating comprises a nickel-boron electroless deposition.

11. The assembly of claim 7, wherein the nickel-boron
coating comprises, by weight percentage, 4.5% to 7.0%
boron, and the balance nickel.

10



wherein at | east one of the cylindrical surfaces of the sleeve and

t he bearing body conprises a coating conprised of a nickel-boron; and
wherein the nickel -boron coating conprises a surface finish of 8 to
16 RVS maxi num 7. A bearing assenbly for use in a subnersible punp
notor that conprises a shaft having a rotor section coupled thereto
and a housing for receiving the shaft and having a stator section

s e S g B PRI o o e

| ubricant, the

coupled to tH Of%ttﬁ?fa%‘%gpgngsff‘ Shﬁﬂ hra?ﬁl%g ?Jﬂtquﬁé'tc Wltcf?“ e sl eeve
havi ng an outiBeredgandct hersing fordgseivingdhashalt andobavarg Bear | ng body
that has an igimer str;timmhulﬂacﬂtlmeﬁoadm}nmmmgrng filachwitha r ecei ves
the outer CY'dl@Iébtrﬁkﬁlub@wahﬁQﬁe@LEbélﬂBl ﬁsmbhe bearing body being

adapted to be ¢ (ﬁ)é)ﬁb(%lt8rbél\1:61 L¥] tlaeth'éoﬂgé QH] for non

t at th f at | t
(r)geao:‘ C)'[]hlensl egvé %ﬁé;?@%;‘{g% ﬁ’@e"‘ﬂ Vegtggnég 88;9( 8 cgrrpr:f:d

of a ni ckel - bor offy“1R t he ni ckel boron coating conprises a
surface fini shagheBlliatubslrisariagibodpthat 18s afenearsylindtigalof cl aim 7,
wherei n the sl eegerfhce fhabnisted withfahdredsvey thalost rﬁﬁﬂﬁdalfrom the

group consistingg @éfﬁfeoé] ‘ﬁ\'\%i%?@dﬁﬁgﬂ ap - 1040 steel.
9. Th bl b ted
(roma niiral | oyt st d’sﬁ% i e+ ©

ni ckel - boron coaf‘?tf'} og ‘?Q@ES%‘cm ckel - boron el ect roI ess deposition,
11. The assenbl ywheﬁreni thieroylindnivat snrfaddel arﬂ]ek:&lmiem“fahe gleate ng
conprises, by wei @hﬂtﬁéb@@fﬁl&% éboiﬁ/ﬁ@s?q@&/at ﬁQEH{)Pe bal ance
ni ckel . 12. Aa%@&él y for use in a sub I‘SI:D 3 pﬁrrp

not or that conpr | sectian coupled thereto
and.a housi ng faﬁﬁeﬁ% grﬁ"? ﬂn‘f}ﬁe E%gprﬁ? ﬁn‘gtléﬁgpugecti on
coupl ed t heret o ’é]ic wmm% R Bckgsel ectri c :
| ubricant, the ass ﬁ@ﬂf&ghﬂmg@BQEMBmibleqampamm ed to be

coupl ed to t heﬂlabwhelab‘swnslbﬂaﬂtcohqmsastaadhaﬁhmhﬁg awbide sedthsn sl eeve
havi ng an out andfwﬂee’tderdcﬁqile@ﬁfe%ét@%rrcﬂaﬁsﬁﬂhérbﬁuﬂh 1Bk flga“ ng body

h h i I
the outer cyl %ﬁ?ﬁgﬁiﬁﬁgfm Cpito eeéﬁﬁg‘ﬁﬂeg.n@ L

adapted to be COJﬁg Pﬁ]g‘} %é:%ﬂ?ﬁ ’ileg;n& ody being -

for non
rotation in tHE®. AYDEfAHABNSF at | east
one of the sl &sliadsgal tsﬁéfaﬁéaﬁll sidbgdgngagenesesvith dbatduigr conpri sed
of a nickel - baydindriaal sutfaceiof the bleekopsise Q)feagli’lﬁ e} r on
PQ?

coating is abmlpﬂbd)ml?c&ubftﬁhﬁﬁelﬁ 8111t i fHLS ét@P 13. A
met hod of manyf tndg ‘ﬂgeﬁne‘fﬂg }’%?1 unp-wot or that when assenbl ed

conprises a sha n % d | eeve c | ed thereto
for rotation theﬁ)g % 01%5 ldqﬁrgpq yﬁ%ﬂ? G Qg O Eﬁf % ace,
housi ng for recei F¥Hg é’lf "Fﬁ]@eV%ﬁ@‘ﬂtb@b?flEhg ad¥} at or
section nount ed B$¥AkANg hasleove,ithe bieerihg boidygpndathe ratarsead | i
beari nl body havi ngioaroi theeshady! i ndrical surface in sliding engagenent

ﬁﬂth the Ortgr Qﬂ#ﬂﬁﬂg%ﬁéﬁw§é&ﬁﬁﬁ%fQﬁe%ﬁﬁﬂSH§§§EmwéhﬁmP fngtbodyf

eing coupled in &g%gf meter o
the stator, the Q&ﬁocgi co#rp%m ng: ggg 3}#}% aigpéﬂgmg}etgr ckel - boron
to at |east one of the cylindrical surfaces of the sleeve and the
beari ng body; assenbling the sleeve, the bearing body and the rotor
sec-

oﬂ
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tion on the shaft; inserting the assenbly of the shaft, the sl eeve,
the rotor section and the bearing body into the inner dianeter of

the stator and coupling the bearing body to the inner dianeter of the
stator for non rotation relative to the stator; filling the housing
with a diel ect rihe statwri aghtou ﬂdf‘ﬂﬁ'@ﬁ)@hﬂn BJH kN sS iifert e

Mehes, O 94 CTahider éf%@@%bt&@@{’%ﬁn ere| n %ﬁﬁv‘glt@e U 0 00025

i nches. 14. They thod of claim1 € is
fabricated frﬁﬁ\ r| al s selected fromthe group consisting of: 62
bronze, 660 b araismeswithon dieleptoicdubgtant; agd. The met hod of

cl ai m 13, \A/newherem meﬂndarasng)fuﬁémmlselt@&bh%ﬁﬂlof omyhitralloy.
16. The met hod @D0OT SinaLib3.pluhss 1ﬁu§ Gb igLBST on Coati ng

conprises a eI t.r o 05|t| an. 17. The met hod of
claim 13, V\h%g& ‘%ﬁ%@tﬁ{f l?él %8% thecippvesissfably wei ght
per cent age, 56‘?@?{‘6 gﬁfalmmsum@dl 62 18. The

nmet hod of clPrzﬂ)iDﬁi?;L@5 Wféﬂ@l. alldeSﬁllt‘.)RSI-}mﬂaeboat ing conprises a
surface fini st8. AfheBuethdtBoRYBITRKS, W HErein the bearing body is
fabricated from a nitralloy.
16. The method of claim 13, wherein the nickel-boron
coating conmiprises a mckel-boron electroless deposition.
17. The method of claim 13, wherein the nickel-boron
coating comprises, by weight percentage, 4.5% to 7.0%
boron, and the balance mckel
18. The method of claim 13, wherein the nickel-boron
coating comprises a surface ﬁmsh of 8 to 16 RMS maximum.
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