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DESCRI PTI ON LQAD DI STRI BUTI ON DEVI CES AND | NSULATED
BEARI NG ASSEMBLI ES CROSS- REFERENCE(S) TO RELATED
WORRENOATI ON(S) This application clainms prioriPgI/Us2005/016136
U S. Patent Application Serial No. 10/841, 209, filed
May 7, 2004, the entire contents of which are
expressly incorporat ddEBGRIBTEONNce. BACKGROUND OF THE
I NVENTION 1. Field of the Invention The invention
LOATFDISERIBETION bEaﬁ@ﬂ&&Nb ﬁJJsGb)%T‘E‘i’J BEAIING &l@s‘iﬁﬁ?mas
arly, i

such as notors and generators. re particu

Lo (3oL A RIRCERT T0 KET ATED Abbii N EloRRE "o

LA N} LIAYALAAAS U e aritin
assenblies. 2. Description of Related Art Rolling
Ehie napplicdtivar dlmgs, prddri9 tsNOWN PagnaMpplitatioat $&ihl No. 10/841,209,
bearings, are widely used on many types of rotating
filed M4YRE D008/ the Bfteke RBMRNA of WHidreHe Eﬂéﬁr@ssﬁpﬁeorpm@é_d By feferSRAN
can be reduced by m suse and adverse opeéerating
conditions. Bearing renoval is frequently required in
the field asBASKGROUND OB{IIIE y '
mai nt enance . Traditionally, bearing assenblies have

Peen.ﬂﬁfd?ﬁg‘alﬁ%’&ﬂitnhat t he renmoval of the bearing

r‘equi r €s renoval of the entire bearing bracket
hat houses.the beati nd t.h IS mounfed to the
R S B Bl Pl B G B mtors and
generator), FIGS, 1 and 2 show an exanple of such a .
generatqys g\imfsmaﬂﬁ’él&ﬁ}’n& rgleics rip IbparinseasspHBlicsolsgh 8vihowich masdines and
or housed, in bearing bracket 20. Inner race 12 of

devices peefpl WhenBmeyingibe beprigafsengdiesf the rotating machi ne
(the body of which is not shown). CQuter race 14 of

eari 10 cont ed hi ned cavity 22 of bearing
%r ac k@?scfﬁ).noﬂoqfﬁ{ﬁi@teg@ nts 16

Rolling element bearings, also known as anti-friction bearings, are widely used on

many types of rotating machinery and have a limited life span. That life span can be reduced
by misuse and adverse operating conditions. Bearing removal is frequently required in the

field as part of the rotating machinery’s maintenance.

Traditionally, bearing assemblies have been designed such that the removal of the
bearing requires the removal of the entire bearing bracket that houses the bearing and that is
mounted to the frame of the rotating machine (e.g., a motor or a generator). FIGS. 1 and 2

show an example of such a prior art bearing assembly.

Bearing 10 was positioned, or housed, in bearing bracket 20. Inner race 12 of bearing
10 contacted shaft 30 of the rotating machine (the body of which is not shown). Outer race
14 of bearing 10 contacted machined cavity 22 of bearing bracket 20. Rolling elements 16
(balls in this case) were positioned between, and in direct contact with, the two races. An

inner cap 28 was bolted to bearing bracket 20 with bolts 25 positioned through bolt holes 27.
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(balls in this case) were positioned between, and in
direct contact with, the two races. An inner cap 28
woa@shol4ssed to bearing bracket 20 with bolts 2BCT/US2005/016136
positioned through bolt holes 27. The beari ng bracket
had a machined rim 24 near its outer edge that fit
The basicing brankgt had & hechiadd aim 24 eedratsceutémidge e B R little radial
frame of the rotating machine. That tight fit between

clearafidd€infor thEBnRRAThel Rt NEF 1E GtkiSle Rlchife C THEEQ[QH( £ @%eﬁl%he frame
a spigot fit, and bearing bracket 20' s rim 24,

and befahfl%ﬁof&ﬁéﬂ 20 is%hﬂﬁofgg llcﬁg\sxa ?% 891‘1 H%’ea @1 %et fa 5 rim 24,

igot. Mountin

sho ntln s 32) .secured bracke i
which b5 184%e SPHE 1f '415%3025'@8“%%%%8%‘ Magsnting bolts (aot
got 26 remained in contact wwth the franme. During
Shownng’%sﬁf“’ K e Aatihéih shomis meginging heleg3R) weesirad: bradkt 20 o the frame of
through the bearings to the bearing brackets (there is
the rotetjpg exachinedaeensureghathspéged 26f retainertan iontayt it théfangh During
each bracket's spigot to the frane of the rotating
normahepbiatien, thiei whorwasight! wRer r@tmied HeosdH end BeEakit9Nthe bearing
Bearing 10 has been renoved fromrotating machines,

brackefU@hbré i tﬁ'ﬁf‘c@l‘ly‘8 oRdSt GBI BEREONS ma'dﬁfn@ﬁaﬂc?t‘ﬁl‘dl.gﬂ&gglﬁ: EI%Cket’S spigot

Jacki ng |l es 34 were positioned I1n bearin

to the f¥me ‘Af‘ﬁﬁ'rﬂﬁtlﬁg Haghiﬂé ewﬁ}i\%~I %%1 \\%g)o{‘tgﬁl EQ gieesei ¢ és%r}ﬂ%{ evyed

Into Jacking
around the outside of the bearing bracket such that

t Beyingl 10gme ewn teindviedtfrons MitatthgsheRlines UsucB GE $nd?6rstah€ generators,
frame of the rotating machine. As the jacking bolts

using j4Ekifg BOAS.eJadkingd BOIKE B WAt FitRthednf vkk I‘iﬁ‘% 6836kt 2tOh eJacklng bolts

bottom of the bolts cane into contact h the st ee

are noﬁllﬁl{lfb%ﬁtg ﬂjﬁﬁg1 g{(él?kﬁ S&EQP? mt&a%gglhl \6@{1] ht 4>v ht ?galttn ‘be&llx around
0 ... Bea
e o BGBTR BB B 3 LT B, AR s n

cap 28 was first un-bolted from bearing bracket 20.
frame Béélzemgcéatw weshiag.| Mssthgyecking bpltnwereoplagtthin jagking holes 34 and
beari ng bracket 20 could only be renoved a short

tightengdl s thenbatone fod rtke ibblth @eme anfoecairmp ovitte thet stedlempfacé of rthenframe.
falling onto and possi bly damagi ng shaft 30. The

Gradualeing Rive® tighRainanef A i kakingOb 1 Gafd¥ldi thé !]éékﬁigelfolt%qg pull bearing
pounds for a 300 horsepower (HP) rotating nachine)

bracket 20 out of the frame. Bearing 10 typically stayed in place on shaft 30 because inner

cap 28 was first un-bolted from bearing bracket 20. Because 10 normally stayed in place on

shaft 30, bearing bracket 20 could only be removed a short distance before it had to be

supported to keep it from falling onto and possibly damaging shaft 30. The weight of bearing

bracket 20 (potentially over 200 pounds for a 300 horsepower (HP) rotating machine)

generally required a crane or other large lifting device to be used for bearing removal on 300

HP (and larger) motors.

To summarize, the following steps have been taken during removal of the bearing

shown in FIGS. 1 and 2. The end of shaft 30 has been supported using any suitable
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generally required a crane or other large lifting
device to be used for bearing renoval on 300 HP (and
WO 2009@1i44nOt ors. To summari ze, the foll ow ng sPEpBESivavel6136
been taken during renoval of the bearing shown in
FIGS. 1 and 2. The end of shaft 30 has been supported
mechagésinh fugin s guirabdrejasich dfihes moustiigbelts gositicare v mguackg holes 32
The nmounting bolts positioned in nmounting holes 32

that héléh dtarivey shatl@ar0 ngtheriaeked f RO rdt@titdBadHifdBaveibebh ?emoved as have
rotating machi ne have been renoved, as have bolts 25

bolts W%bilh@ﬂb%dm' Hbltb%lbs @ltﬁaE 1eld ﬁjﬁﬁ]@{ ibhhg d 'Bgaﬁ{ng‘:@r@clg& 2&. Jacking

beari ng bracket 20. Jacki ng ve been i nsert

v M e S 8 L T
o e STl Bk b oo

domn untiI the rotor core (not shown) surrounding
the fragieaf Thagumperedehadt endehastheen lovewed dewonnghwamptor core (not shown)
surroundi ng the rotor core. The shaft support has been
surroundimg\shdft 38 cmtavts thesstdieecorat(hacsiedn) Quirertding tHer @edtaiore. The
20 and renoved bearing bracket 20. A traditiona

shaft QPbitMgasPbdehefenddsd. bESNerHSEHad Bedif E@é’&le@erérbeﬁﬂng%r&fk%ﬁlo and
around shaft 30. An advance was nmade with the creation

removecﬁ bEfh 5‘51469 agst k&ﬁaﬁi‘%§ 'pﬂll{e: be%\‘ﬂéﬂ to remove bearing 20
Bearin sse 40 (sonetinesS ca

art b 'S positioned in a bearing assenbly openi ng
@? ing bracket 20. Bearing 10 is seated inside

of bearing assenbly 40 instead of directly in bearing

bA8GIeinc20nastBad G the cldaffon df ti&Sb@nhg Saléi.einbi& @ﬁo&ﬁl@n FIGS. 3
user only had to renove bearing assenb

and 4. bB@a[ri sQ&ﬁ‘i‘}lg%b (gtg%etuh& Qidg b%%gf@&?ﬂ—ﬁﬁ? 'i)bﬂgoﬂ'e% in a bearing

eari asse IS consi

sssomS e a2 %tala@g 8RS 2o HAEREd0L Salkfiinied pe pering assembly
ert 44 an i nner cap 28, an outer_cap 46, and
40 mSE?éa @y 1 hessg baackh 30,aschoRadn G- 2s ARgitgailt she end user

hol d bearing 10 tightly and had a
only had to remove bearing assembly 40 — not bearing bracket 20 — in order to remove

from a

bearing 10. Bearing assembly 40 is considerably lighter than bearing bracket 20 and

eliminates the need for a crane.

Bearing assembly 40 includes a cylindrical insert 44, an inner cap 28, an outer cap 46,
and bearing 10. Insert 44 was machined on its inside to hold bearing 10 tightly and had a
spigot fit with bearing bracket 20. Insert 44 also had mounting bolt holes 48 through whicb
bolts were placed to secure insert 44 to bearing bracket 20. Insert 44 also had insert jacking
holes 49 that allowed for removal of the bearing assembly from bearing bracket 20. Insert
44, outer cap 46, and inner cap 28 each had aligned openings (designated generally at 50) that
allowed them to be bolted together with bolts 52. Outer cap 46 was a disk that bolted onto

insert 44 and that had a small clearance fit with shaft 30 to hold the bearing grease inside of
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spigot fit with bearing bracket 20. Insert 44 also had
mounti ng bolt holes 48 through which bolts were placed
WO 00SecdaE i nsert 44 to bearing bracket 20. | nBer/US245/016136
al so had insert jacking holes 49 that allowed for
renmoval of the bearing assenbly from bearing bracket
bearin@&bsethBBe40. Hfer p2Bralwapastbdisiatat hanesmeld ple2@neafitwhaehaft 30
al i gned openi ngs (desi gnat ed generally at 50) that

for gre@éé RYeE oL e AQ BRI KR 4 P&?gfh‘;}‘ée cti¥h 51 8R4 53, }?(?Sitloned to align

ter cap 46 was a dISk d onto insert 44 and

with 1n§n%ra }'aBQ "iQ Aa o[t@ér rade ngg&\/%b;é gﬁ) ss et lfo%e %80] Q{% oﬂs allowed

earing grease |ns e’ o

. E %8 al so_was a !sk that had a snall cIearance f|t
inner cgp 28 IQ ACtRP A6HRG PYI%ase retention, but al so had two

ri ng-shaped projections 51 and 53, positioned to align

DS rBR6va 2tha 5k ts"RGE o inf ¥les @
bel!allrﬂ?gng 10° Those’ prgj tle(ﬂétglttg%gpg 8md‘n,1ﬁ§d§fﬁ§1‘gg§ IGS bpulled

oS AP e P aCEcaﬁWs e 4
e B SR 5l P R PSR o8 e 14,

proj ections 51 and 53 contacted beari ng 10 s i nner
respectimia g algd beeidng Hhel of shafy 38 dutieg tﬁ‘émcgyal ahpis plimigged the need
bearing 10 of f of shaft 30 during renoval. This
for theebndriseatte dist ebereing fudler.t Adsoprie lighter tm:igm of bepang assgmbly 40
puller. Also, the |lighter weight of bearing assenbly
(versudt Bedritl ek dp 28Y bW HY Reteate dDpedring 10hie Hoagiagnsentily 40 reduced
bearing 10 in bearing assenbly 40 reduced the risk of

the riskN§r BRAGdaM g%ﬁ&t?ﬂ&yfaﬁﬁllﬁl $infh1S lABRkEs %@H@Hlﬁgﬁgﬂé sh%ft as the

ana |ng t e bearing assenbly was pul
. thee o] P T, ummari ze, the
beanngafsle %‘da%t"égeéi (ﬁgvgt%ﬁ fthﬁ ﬁaffo renove bearing
assenbly 40. The end of shaft 30 has been support ed.

T’b@ sHRHkZ8 IhB Gl Switd REHps Gat d b edagik e tontenivy e ehiing) adsembly 40.
have been renoved. Those sanme bolts have then been

The e ﬁtdshﬁﬁt 93 aﬁ%'ﬂé@n E@égﬁgtgd' The 'iﬁo%ﬂtth@ boitd RSB thﬁﬁtﬁh R¢bunting bolt

assen%lg < WaSg:gdua y and evenly until
roes BE B ST 0P B BB KT QG A BERBTRIY s

into insert jacking holes 49 and tightened gradually and evenly until bearing assembly 40 was

removed from bearing assembly opening 42 of bearing bracket 40. Shaft 30 was lowered
until the rotor core (not shown) surrounding the shaft contacted the stator core (not shown)
surrounding the rotor core. The shaft support was removed. The loose bearing assembly 40

was removed by sliding it off of the end of the shaft.

The inventors have discovered certain shortcomings associated with the removal of
bearing assembly 40 shown in FIG. 4. While removing bearing assembly 40 from bearing
assembly opening 42, a large friction force is induced between bearing 10 and shaft 30 tends
to move shaft 30 in the same direction as bearing 10. This shaft motion or force is transferred

to, and undertaken by, the bearing or coupling at the other end of the shaft. If that bearing

4-



10

15

20

until the rotor core (not shown) surrounding the shaft
contacted the stator core (not shown) surroundi ng the
WO oi0sn1@ar e. The shaft support was renpoved. TheCT/OS®E5/016136
beari ng assenbly 40 was renoved by sliding it off of
the end of the shaft. The inventors have di scovered
(i.e., atcBié biben esd)as b ecltihg grnracbairiag elic iidtiont forcervetmoaecal thaifbearing and
beari ng assenbly 40 shown in FIG 4. Wiile renoving

the shdle Wﬂl RuRSHedhtiYe Aflof 5 RBMBRAH BWnRTeL Pk RENoNDfdsearing 10.
a arge friction force is i'nduced between bearlng 10

Altern. 1velex>23 hﬁef fo a§ gv1{) 194 qﬁld&&i%ﬁ\ﬁ%ﬁﬁg %lﬁng ?lehf%{ﬁs rb% & or the inner

tion as earin on oF For
tr sferr dertaken by, the bearing or
cap locg hﬁft?rq? Qfgngﬂfend of the shaft. If that
bearing(i.e., at the other end) is a rolling el enent

bearing, the fQUNMVARVOLIIPETINGENTIRY bearing and
the shaft w || "Ccause € entire rotor assenbly to be

nmoved in the direction of bearing 10. Alternatively
tHee resent loadlibalsacips deviceiand methedre thegresenigp e@ﬂé&é@m%vaé flevices,
the bearing or the inner cap |located at the other end
and thef padaitt nR@fhod SUMAIRYinOFeriTdifing NyBREH@N fitme gyowsknt shaft provide
| oad- bal anci ng devi ces and net hods, the present
mechaBRATs1a0E sfePHELRbdde¥ tBE Forcé ﬁdndfélﬂarﬁbleﬁ@ Mesobefl @dsve. The present
useful in renDV|ng a bearlng fromaround a shaft

load-b Ef?éﬂl? %e{;f‘égéq g%gé' BaL @%ﬁﬁg%ﬁa&h{% fnef 68 a shaft, a
SCf| a

rans | pro d ove. The present
ancl n
ool SRR, R WAL TP ALY o
ek Les th R R i

devi ces include a shaft engagenent elenent that is
configuredf fogengade tao. endgelythreashadind gfrarmgebrgqi@f tengagepeat clegrent that is
bracket engagenent elenment that is configured to
configendageeidage hrabemingd backet] ;and ndcannecton etnmnt eoenesting the shaft
connecting the shaft engagenent el enent to the bearing

engag&ﬁé&ﬁ kel SR PG WRAtin £h1aBEA bng bkt dfiferdhéreeRE SGEBIRhgement
el enent, the bearing bracke% engagenent el enent, and

elemeltlth the"R %ﬂﬁg %Qarckglj &E@Eém&ft %16?1%@ | GH"E connector element are configured

with respect to each other such that at least a portion of the connector element will be
positioned outside the bearing bracket (i.e., closer to the exterior of the bearing bracket than

to the interior of the bearing bracket).

In another embodiment, the rotating machine is capable of producing at least %4
horsepower. In a further embodiment, the shaft engagement element comprises at least one
bolt. In a further embodiment, the bearing bracket engagement element comprises at least

two bolts. In a further embodiment, the connector element comprises a plate.

In another embodiment, the shaft engagement element, the bearing bracket

engagement element, and the connector element are integral with each other.
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with respect to each other such that at |east a

portion of the connector elenent will be positioned
wWo@uiosittdg4t he bearing bracket (i.e., closer to PEEUS2005/016136

exterior of the bearing bracket than to the interior

of the bearing bracket). In another enbodi nent, the

Totaabiheg efoldinént] theCanablgemathing oduepadle af predwingl At least %

horsepower. In a further enbodi nent, the shaft

. t . r 1 I .
oGS g SRR AP0 BAS oABIE i i

oSy B8R A ) bl 2o

e connec ement rqw%ses a plate.
I n anot her enbodi nent, the shaft engagenent el enent,

tchetahe afibB@infunds ke tthe paaesiTRal-talao@at metods tildude providing a
connector elenent are integral with each other.In

rotatin% R @HPASH TeRhs thitends OAbdd Gnd B CLA S dsitiohAR ARaBn S fbracket
roduci ng at | east horsepower, the bearing bracket

i ncl ud i ; . ‘
surou S 1E5ut 6ELPRSHEEIEL Yo BRET DO 180 B RSB nd

. bearing. assenpl enin rtain di ment f the .
bearing GERHAIEGE SBE o P GTBEATORSS PREFGIBIBH B S gosiion rlatve
rotating machine that has a shaft that has an_end and
to the hearing bragheli pastien ® adiaviersy fispdskalt adr wovingi thg beang along a
shaft and having an outer surface and a bearing
portiorbsfahk ekedslsift i on; and a bearing surrounding the shaft.
These nethods al so include fixing the shaft position

relative tq the bearing bracket. pasiti t@ achi geve
Bty Bk AERLORER o HY GBI AP °h SSORENh hoast ¥
the fixed shaft. In_another enbodi ment, the rotating
horseperaiehi b & Surdhss amodipenge ther hearing iacleh da¢ludg a bearing’ assembly
horsepower. In a further enbodi nent, the bearing
openingy dlok dtaring iuiges o bdmaiing aassiplppsitioned my,the fearing assembly
bearing is part of a bearing assenbly positioned in

openingh8nd @& hdehodSEERB McRIdeN teriovidd thet bearinB tabathifly Midaeround the
I'ncl udes renoving the bearing assenbly from around the

o, 33 bR AR 0 A BB (O 10 s v
shaft engagement element; contacting the outer surface of the bearing bracket with a bearing
bracket engagement element; and connecting the shaft engagement element to the bearing
bracket engagement element. In a further embodiment, the end of the shaft includes a flat
surface and a recess extending into the shaft from the flat surface, and the contacting the end
includes inserting a portion of the shaft engagement element into the recess. In a further
embodiment, the contacting the bearing bracket includes inserting bolts into bolt openings in
the bearing bracket. In a further embodiment, a rotor core surrounds the shaft, a stator core
surrounds the rotor core, and the moving includes inserting jacking bolts into openings in the

bearing assembly and tightening the jacking bolts until the bearing assembly is removed from

the bearing assembly opening; the method further comprising: supporting the end of the
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shaft engagenent el enment; contacting the outer surface
of the bearing bracket with a bearing bracket
wergagengnt el ement; and connecting the shaft PCT/US2005/016136
engagenent el enent to the bearing bracket engagenent
el ement hi a further enbodinent, the end of the shaft
shaft; feffkigefodntfdgdiolsuhhtdlesdd ahs b@arfngwsﬁnlﬁy ttenkk bepringt racket; and
the shaft fromthe flat surface, and the contacting
lowemg;'t‘ﬁ o St {1 tH dessel SRS g B ddRfaki @8 s@forlhr. Shaft
gagenent elenent into the recess. In a further
enbodlnent the contacting the bearing bracket
iThel prelest bmgtremgvaialetvg:es ateocdndigired fen nsrywith e roading machine
bearing bracket. In a further enbodinent, a rotor core
that ha$ HERt) Adsatifebables haviag atbaiubdig asetreblywpemng,d@dtah&aring assembly
core, and the noving includes inserting jacking bolts

itiohét Gn IREH bfschib®y Rpafihpg 28S BeRing a8mbleMdidada b
Pos eq?ac |ﬁ§g%%ﬁt§ uﬁ¥|? thg bearlnglgésenblfﬂls % bearing

SUII'OH]?Cﬁ]I[,l%) \F]{ zsﬁai{t: (r) %F%lgleeﬁl% %ﬁﬂl%s % ?%E%enp Bgiéin%%enﬁtgg%hdﬁ %C%Q anclude a

. SRS SRALLIR DS LA o Bt P 000, 53800 oty

to cause the rotor core to_contact the stator core.
engageTiet sheashCoBRPhe cagRsgdhe beyineesssanly: h iageATERCtpp element
use with a rotating nachine that has a shaft, a
connedtiegrthaghatfr anketing alenregt to the beinng 2sernblyl eylgw@iﬁnh glement where
a bearing assenbly positioned in the bearing assenbly
the sh&IPe/MtAGing TdlemBRAtHe tbadias aBdenibly Badgd@sntaclbmant, mgd the connector
surroundi ng a shaft. Certain enbodi ments of the

eleme 285 €3 Fe"i‘lrdvi'ﬁg rersﬁg@\f@ baciedth&eact that Mdeasha $BAion of the connector

contactlng el enment configured to contact an end of the

elemergo\ﬁ]rl Bej 'lpg%}‘? (?Igeld %.8%} %}En% é{aé“l%ggaasge%ﬁ‘lﬁgsl gl %ﬁépatr? the exterior of the

ring assenbly;
connector el enent con ect the S t contactlng
beaﬂné?@?@ﬁtyt@%ﬂ%@eb‘gﬁ?‘%@ ﬂé& gﬁsséﬁg’ggerrent el enent ;
wher e the shaft contacting elenent, the bearing
25,5 G, gﬁtmthce lr@tﬁﬁﬁ% m#ARAfet 1§ec ?961@9&1 Plodeeis tleast Ya
are con |gu mnfh respect to each ot her such tha

| east . a f th
horseplggvgrt Ilt?)ﬁgi%rtb Wﬁg’t g%aéhle %%‘902{%% 1%%[&1‘(6% chmBﬁFes at least one
to the exterior of tPe bear assenbl y

bolt. nyg Sprthsr egbodiment, dhg fﬁaémgsag yfngagement eqtement cotmhprlses at least

two bolts. In a further embodiment, the connector element comprises a plate.

In another embodiment, the bearing assembly includes: an outer cap configured to
contact the bearing bracket; and an inner cap configured to contact the outer cap; where the
bearing is positioned between at least a portion of the outer cap and a portion of the inner cap;

and the bearing assembly engagement element is configured to engage the outer cap.

Certain embodiments of the present methods useful in removing a bearing from
around a shaft include providing a rotating machine that has a shaft having an end; a bearing

bracket surrounding the shaft and having a bearing assembly opening; and a bearing
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In anot her enbodi nent, the rotating machine is capabl e
of producing at |east 1A horsepower. In a further
weredsdivgnt, the shaft contacting el enent conpPCBHES208$/016136
| east one bolt. In a further enbodi nent, the bearing
assenbly engagenent el enent conprises at |east two
assembbobbsitiongd & ther blwemgeabadblyesyenittg)ehe bonbnt assembbnmeniuding a
conprises a plate. In another enbodi nent, the bearing

bearingtdeBIRAMg HIRCIHAGE SThedmRHHORS 2k AneY dstil £8evice thantadichuses the
the bearing bracket; and an inner cap configured to

bearin Cé%nén%zlﬁ{ th DovRUh & firSPRireBR raﬁ?l‘( CaiRRR 4 RYcd Sn ﬂﬁ?h‘éﬁ%%%econd
BietWeen at l'east a por?lon 0 he outer cap and a
... porti.on _of t. i nner cap. .and the bearing assenb
dﬂﬁ“ﬁ@ﬁéﬁ@éﬁ&ﬁFm@?§%%ﬂ¥“t%ﬁwﬁh?vﬁﬁ?ﬁﬂﬁto engage t he ou?er
cap. Certain enbodi nents of the present nethods useful

iR 2hSIHRY ieffhodinR@R! 1h8OrottiRB) MacHI iR cghadiel of ?@ﬁdﬂ@kﬁlg at least Y
providing a rotating machine that has a shatt having

horsep NG aaglg‘ﬁ?e.[ri &%Jﬁﬁlﬁﬁ}getthes gé&i_eé’ qgélg%eét ra&eslﬁ?@%ntﬁﬂglg element

aving a bearing assenbly openi ng;

beari ngass I sitoned . n the.bearing.asse

config gL P Eo o R g 15 HESTIHY v (et N pegtfaent clement
surroundi ng_the shaft. These nethods al so include .

configursd ey CASHEBVInE DoERBE AHRTIDNATSES CHECHIGA IFFRAGOBIRSHYE (b shaft
nove in a first direction and (b) directs a force on

contactingeelsmaht toi the desmrgadeniblyeanghgmmant stement.s ib g tfarihgr gmpgpdiment,
opposite the first direction. In another enbodi nent,

the usihfandlodet iengagifee thiergeating Gagatbly with Gersahg ngseatbly eagigement
1A horsepower. In a further enbodi nent, the device

clemenlt 86 by #eSus@ iNRbEn € 9REABT 13 &Y ELIBAS fifsAfrb@iohednd Gontacting the
contact the end of "the shaft; a bearing assenbly

e e t [ '
shatt "SRRG <oRirBIREbIcRRR| b4 RE e ABOTAR bAROSRIL e second
. .contacting elenment to the bearing assenbly engagenent
directigft-enent. I'n a further enbodi ment, the using includes:
engagi ng the bearing assenbly with the bearing
aiﬁ%efﬁﬁ}qé/r SNIRGEER N he 8h& BB He sBOM ARlidRs 6 A QurfRE aBE Bfel dddtacting

asse y to nove in the first direction; and

the sh glrﬁtg@gl%siocn fcz.,c@@gﬁ?qﬁfi&tgﬁ‘@f&é%.the shaft contacting el enent

orce on the shaft in the second

Alternatively, in a further embodiment, the engaging the bearing assembly includes

inserting bolts into bolt openings in the bearing assembly.

Alternatively, in a further embodiment, a rotor core surrounds the shaft, a stator core
surrounds the rotor core, and the engaging the bearing assembly includes inserting at least
one jacking bolt into an opening in the connector element and tightening the jacking bolt until
the bearing assembly moves in the first direction; the method further comprising: supporting
the end of the shaft; removing mounting bolts that hold the bearing assembly to the bearing

bracket; and lowering the shaft so as to cause the rotor core to contact the stator core.
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direction. In a further enbodinent, the end of the

shaft includes a flat surface and the contacting the
w@hb@btiii4mc| udes contacting the flat surface. PCT/US2005/016136

Alternatively, in a further enbodi ment, the engagi ng

the bearing assenbly includes inserting bolts into

balsd dogebsedgse appataneseb doat iimdudess bedring. aséérigly iavingednyinsulation

in a further enbodinment, a rotor core surrounds the

assemtifaCertaia ehitRdRherBOHLLHS PidsOtPparhitged BERIe & BELingddterhbl§ that is
engagi ng the bearing assenbly includes inserting at

i - J | i i t f i i
coni835 b83BIBEH Ak 2o a0 RFRL B0 b o rotain
.unti] the bearin ssenbly noves i.n_t first .
mchifly B G0 RRPRBEFYAE L BB Pt i g
e en e shaft;  renoving nountin olts that ..
surtoupg . ghath ef Bie-iPlaNgE ABachifis §0 115°F e BAVARE R §oBtouckei s papiioned on
lowering the shaft so as to cause the rotor core to
one si¢oof tietrolling dememirbeenng . anl aerdiapdlayBer pewioashalriapasitigned on
that include a bearing assenbly having an insul ation

anotheasilemfltlye roliéng elemeantxadinppatdsaroinsilhiopassmhly that is configured to
apparatuses include a bearing assenbly that is

substaf@lfyl {64t A6 tHerolmgRMshéit®emthd N a bearing assenbly
openi ng of a bearing bracket of a rotating nachine.

These bearing assenblies include a rolling elenent

blaasnatieert ¢naodimentp ihe geirtins muckine s wapatle O Hgopeighing pé least

rotating machine; an inner cap having a portion that
horseposreposi ti oned on one side of the rolling el emrent

beari ng; an outer cap having a portion that is

posi tjoned on another, side aof the rqllin | enen .

Bari figon SR 1T5HISSS BIPLY Ht Criegir fog SHisipntially

to substantially insulate the rolling el ement bearing.
insulaterthewedlingeelena pt dwpives frony qyarepihaying it eareRs el atdeashpfibhcstz.

of generating at |east 1A horsepower. In a further

enhodi nent ,. t he _jnsul ati.on enblsy. 1.S ' .
e TR L iy T SO WRBE IR Y e BB b R ah o middle
and thta rir?srlrllla%iuoglraggetmb ? \{hcque% afnri(relr(ﬂel{relplg atglfg I'?l!:lg {)oes?t?cgnea Oet\{f]eee.[nt tﬁé rolling

element bearing and the middle.
In a further embodiment, the inner insulating ring is made of glass cloth and resin.

Alternatively, in a further embodiment, the insulation assembly includes an insulated

bushing having a portion positioned around at least a portion of the rolling element bearing.
In a further embodiment, the insulated bushing is made of glass cloth and resin.

Alternatively, in a further embodiment, the insulation assembly includes an outer
insulating ring positioned nearing the terminal point of the shaft than is the inner insulating

ring.

In a further embodiment, the outer insulating ring is a seal made of the same material

as the inner insulating ring.



Alternatively, in a further enbodi ment, the shaft has
a termnal point and a mddle, and the insulation
w@s®sfol4yl i ncl udes an inner insulating ring poRCT/USNEH016136
between the rolling el enent bearing and the mddle. In
a further enbodi ment, the inner insulating ring is
e ehbelimssts alfahé pagsentr Bad-balaAtihg rdesicks; dbyd-balancng methods,
further enbodi ment, the insulation assenbly includes
bearingPenhd\a laatiees, Busthd ddOusBAM i il GeMoPREtd BEarRRSHéEMREEhd a shaft, and
around at least a portion of the rolling el ement
[ / f e | t hg_ L ASU :
aopara B8 B8 hBicfg WDy SIRGHEC and "B UIR0ARA with  those
Alternatiyvely, .in a further enbodi ment, the insulation
embod%%@ﬁ%ﬁg? ‘i/eﬁ@ﬁ?&é’?logﬁ outer insulating ring positioned
nearing the termnal point of the shaft than is the
5 i nner i NSUBRIFFDESCRIPTION OFMITHEDRAMWINGSNt, the
outer insufating ring 1s a seal nade of the sane
material as the inner insulating ring. O her . |
dritsdellpwinesdrawingg dllytatedit Wep 24 ShamRls @nd gob ipitaien. The use of
| oad- bal anci ng nmet hods, bearing renoval devices,
identicaketefivaisceunmiarils idnes mrtmecesgardly bedicite gn fideticalr dundre, Rather, the
shaft, and apparatuses that include insulation
same r8feS&1¥8 liuaferandayflbé abddStoaimdivaiead eithilir tfeatieagea feature with similar
enbodi nent s-are descri bed bel ow. BRI EF DESCRI PTI ON OF
functio-ﬁFEt DRAW NGS The fol lowing drawi ngs illustrate by way
0 xanpl e and not limtation. The use of identical
reference nuneral s does not necessarily indicate an
10 i [l is alfresit viget effaspricRatthearing hesewblye r ef er ence
nunmeral may be used to indicate a simlar feature or a

f ure with simlar. fynctionalit Fl is a front
Kl 16 agrossgstionpl Vigwdeng T enRAy g % 2 4
cross-sectional view taken along line AAAin FIG 1.
FIG. 3 is a front view of another prior art bearing assembly.

FIG. 4 is a cross-sectional view taken along line A-A in FIG. 3.

FIG. 5 is a cross-sectional view of one of the present load-distribution devices and

15 one of the present insulation assemblies.
FIG. 6 is a front view of another of the present load-distribution devices.
FIG. 7 is a cross-sectional view of one of the present bearing removal devices.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The terms “comprise” (and any form of comprise, such as “comprises” and

20  “comprising”), “have” (and any form of have, such as “has” and “having”), and “include”
(and any form of include, such as “includes” and “including”) are open-ended linking verbs.

As a result, a device or method that “comprises,” “has,” or “includes™ one or more elements

or steps possesses those one or more elements or steps, but is not limited to possessing only

-10~
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FIG 3 is a front view of another prior art bearing
assenbly. FIG 4 is a cross-sectional view taken al ong
woRwe/ 1M in FIG 3. FIG 5 is a cross-secti onedT/Usm®05/016136

of one of the present |oad-distribution devices and
one of the present insulation assenblies. FIG 6 is a

those dne0dt muteedle@EntdNatikewis€fant élempritesenievieadr dissdp dbalimaiivd that
devices. FIG 7 is a cross-sectional view of one of

« :apr e 13
o5 RV B SRS g B ETALD s e
f conpri se |
but is mgi)l% ? R% sfssm'%(g@}éﬁl %lbe (gﬁm feggaﬁ]ﬁrg? have, such as
“has" and "having"), and "include" (and any form of
ITHilsUGad gy Chaypsof” bahpleles" loadbalahcial UkvigE' Fc@prising” a shaft

open-ended |inking ver bs As a result, a device or

engageﬁ?én'ﬂ Qﬁfﬁeﬂﬁkonf?ﬁﬂm {SEfbage al28d of @' shahtNg bUASS baBet dhgagement

enments or steps possesses those one or nore
elemeng §de %oen ?agep 3 ‘ror%a?'le %crléﬁ {Hlél& 5% gftotr %le%%)eﬁl‘? g‘iﬁé{ne%g the shaft
evice or sIe of a nethod t rises," ..
engagemmest chongam 1o (e HefRiee Wickeh PIEASPOCK LapPs PRbQUE SR bet limited to
those one or nore features but is not I|n1ted to
havingrsdg.eibe renited wleneniroans isamrasr Thot &, fheaload-balanging devign gossesses
by way of exanple, a |oad-bal ancing device
at least' the mpuited icheypiends ahiafebtuensglagelventoteixelmde vthep pleingutsed feaures that
engage an end of a shaft; a bearing bracket engagenent
;Henoﬁgggﬁgﬂ?rggﬁﬁigured to engage a bearing bracket; and a
connector el ement connecting the shaft engagenent
el enent to the bearing bracket engagenent elenent,
ks, tebns “p’% apdf‘an’] pietdedined ap 0¢ 0g TegE yhan pre waless tis disclosure
el ements and features. That is, the | oad-bal ancing
explicitlg\reqarepodwewizes at | east the recited el enents and
features, but does not exclude other elenents or
features that are t ex ssly recit The ter.ns ;
S ot dngcrmirmad B Beopatst oo R iESs The tem
this disclosure
“load-balancing” does not mean that a perfect balance of forces is achieved using any of the

present devices or methods. Load-balancing device 100 is configured for use with a rotating
machine (not shown). “Rotating machine” is defined as any machine having an element —
such as a shaft — that rotates as part of the machine’s operation. Rotating machines with
which the present load-balancing devices are particularly useful include motors and

generators, and more specifically those that are capable of producing at least ¥ horsepower.

The rotating machine includes a shaft 110, a bearing bracket 120 surrounding shaft
110, and a bearing 130 surrounding shaft 110. “Surrounding” is defined such that a first
structure that surrounds a second structure need not necessarily (but can) be in direct contact
with the second structure, and other structures may be disposed between the first and second

structures.

-11-
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explicitly requires otherwise. FIG 5 shows one
enbodi nent of the present | oad-bal anci ng devices. The

w0 esositil4end- bal anci ng” does not nmean that a peP€BUTB2005/016136
bal ance of forces is achieved using any of the present
devi ces or nethods. Load-bal ancing device 100 is
CoRd-bagneidg f @svides @ 00i idelimles 04 ashbfigei@gbhag elatent 140 that is
shown). "Rotating machine" is defined as any nachi ne

conﬁglﬂéd’ {d"&%g'ﬁge &h SHE 'i‘_is of SHAN1PE FnsP@d ofldafiri9ldafifd @Sincluding

he machi ne's operation. Rotating machi nes

the out\?/}wghgt %\'h fttﬁe? s a1£t @an tdeIL; ‘Hgﬂa ?r?th@&'sﬁgsdﬁg Xé & YerMifral pomé of the

y use ors an enerators,

s, f@&é&éﬂ%@%@@@ﬁ%@%@% i, AR el B r e

a shaft 110, a bearing bracket 120 surroundi ng shaf
shaft thi gontaslg the b@@mgng ﬂl%geawgraéﬁmh lhg “Engage” 19 defined as Sonnect fo.
"Surroundi ng” is defined such that a first structure
The typdsaif engageamemtisdiscloseddnclude rugagementribeighdhe necelwating {hreads,
(but can) be in direct contact with the second
frictiorS tlagBétY BrcedHhdRh it tethinésn oy foif @paseihg two things.
bet ween the first and second structures. Load- balanC|ng
devi ce 100 includes a shaft engagenent el enment
tlrad-tialaneiaardeyiee d@Oradscermgides ARCUIRE Hrfskf‘éfengweni glgment 150
The "end" of a shaft is defined as including the
that is oortfsguredsto dngagebeapingthreckshi2, ahd lastondesier ¢lement; 190tthatsonnects
di scl osure as the term nal point of the shaft, e.g.
shaft d‘nlg@%en@éﬂt fedient 400l Sdaging Brickes howapeimenfEBmes) 160r 0AgHFIG. 5
east that portion of the shaft that contacts the

shows P@R%d fifed Qlefrﬂ%ﬁts 8IcbRGRe® ST YspecERIREE ofher 9&fH thadlat least a

as connect to. e types of engagenents di scl osed
de,en nt L o f1 OB
pocion P FERARFRRL P SL@hokly 25 P PN B i

or means for _connect t t hi ngs bal,anci
165 of oo DEOEIART0 LI oY BReiPhgs ﬂ?ﬁ%ﬁ% A SR bbb ficterior of
el ement 150 that is configured to engage bearing
the bedrirgdiratkel then taithe intedoneldbe bearimgdrgcket- 160 t hat connects
shaft engagenent el enent 140 to bearing bracket

IRY gnrg%cr)]&meme sq}%nwtn 1%'1%(} %sslfalft%ngggement element 140 includes at least a

bolt 142, which includes bolt head 144 and which is held to connector element 160 by a nut
146. Bolt 142 is configured to engage, and engages, shaft 110 by being threaded at least
partially into a recess 112 that starts at flat surface 117 of shaft 110 and extends into shaft
110. For a rotating machine that generates approximately 1000 horsepower, a one-inch bolt
may be used for bolt 142, and a recess depth of 1.5 inches may be used for recess 112.
Although only one bolt is shown as being used, multiple bolts may be used to better suit a

given application.

In the embodiment shown in FIG. 5, bearing bracket engagement element 150
includes at least two bolts 152, each of which includes a bolt head 154. Bolts 152 may be

configured to engage (and, in use, engage) bearing bracket 120 by each being threaded at

-12-
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shows, these three elenents are configured with
respect to each other such that at |east a portion
w@ amwd/iti4m t hi s enbodi ment, all) of connector ePENER1005/016136
160 is positioned on the outside 165 of bearing
bracket 120. "Qutside,"” in this context, is defined as
least paftialgrinfoorecbeeA22rin dieaidhig bleeksied2(. nRcdossaek @22 tshwainatt the outer
the interior of the bearing bracket. In the enbodi nent

surfaceSoTBMArih§ bkt 120 makien@RGe HREBN bRkeanh. WMrdtictlyIBsits 152
at least a bolt 142, which includes bolt head 144 and

Ay 0\ R Oy L B 8 Rt s,

.110 by being threaded, at .| east parti,a iyt 0 e

may sip PHAVATER SRR T oot PotesbS 1720 FolindR? g i otmector
extends into shaft 110, For a rotating nmachine that

elemeng 4@ by their thinsdesngeging the heley ok BP%%%%@?% I poppgEto Fgment 160.
bolt may be used for bolt 142, and a recess depth of

R T Sl i
iy LS 955, 2 YT SRR A P 0 s s 122

el ement 1 i ncl

Althoughicghy P ol eassom: sHhsih 1254, oBUPTHIEI AR Figggemtent clement
configured to engage (and, in use, engage) bearin

150, moreaihke twd Doltb(e. 2 a%; 1, Bed.rvg 8t P Khadethose belis ﬂnqyéqetusaq? faybetter suit
into recesses 122 in bearing bracket 120. Recesses 122

agymﬁggﬂkmﬂthhe outer surface of bearing bracket 120 and
extend into bearing bracket 120. Alternatively, bolts
152 may be not confjigured to engage bearing bracket
1lpghe pahodimenbshosmopiFl&y S W FUROERF %ﬁ@glﬁt Q‘}lﬂ)dl%ﬁlagle Hﬁtﬁﬂ;ﬁ“- Plate
rest agai nst an unthreaded version of recess 122.

164 mBylhase BB saiteblaethdpe, dnduding citgnlas| rsatengulan (e-Hy sqused)r oval, etc.
t hreads engagi ng the hol es, or openings, 162 in

Plate 17ANAGE have £lem@mnif Aflrs thay ex@erfdliled spofesrirom meertiadtection where
generates approxi mately 1000 horsepower, one-inch

openiﬂ% | ﬁsn Eﬁ%ti&fedl{ﬁl%q%ﬁ XhidhHolitS1 425 thredidd dr b@eRsiSe fREED Ay shape

S may be used for recesses 122. Al though only

that is tgﬁgeacgtg:,}ég ta}%el ca 1*0119 %Hly%% ngd, rf)gox}‘f&%jthg ireLERMIAG L& @&{f%tured with

emnen

o

respect to each other such that at least a portion of connector element 160 is on the outside

165 of bearing bracket 120.

Load-balancing device 100 may be used to solve the problem (discussed above) with
friction between the bearing being removed and the shaft of the rotating machine causing
either the shaft or the entire assembly connected to the shaft (e.g., the rotor assembly) from
moving in the same direction as the shaft. Consistent with the present load-balancing
methods, using load-balancing device 100 will serve to fix the position of shaft 110 relative
to the position of bearing bracket 120, thus yielding a fixed shaft. “Fixing” the shaft position
relative to the bearing bracket position does not require that the two be prevented from all

movement with respect to each other — slight movement is permitted owing to tolerances and

-13-
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150, nore than two bolts (e.g., 3, 4, 5, 6, 7, 8, 9,
10, or nore bolts) may be used to better suit a given
wappbiicati on. I n the enbodi nent shown in FI G BCT/US2005/016136
connector elenment 160 includes plate 164. Plate 164
may have any suitabl e shape, including circular,
the flexiagtangupactidre ofy matsiar Byarirgvi30 mey dherPbatmeovi84loregyat least a
have a series of fingers that extend Iike spokes from
portionPo AR HEf 110N aNd eHeereONBRE RictibBbfotce hdwbdd BRadoving bearing
t hrough which boit 142 is threaded or otherwi se
and fh%%@fﬁ% fied B85 KStiol brph RN KRG AR S BIANI00. As o
confi.gured W th respect to. eac her. such t.h at
rosult, g S g 48 e PR O e O b P B R
outsi de 165 of bearing bracket 120. Load-bal ancing
4R SRalddbhoRYorRentsRemém oFalbeégrifid esspibll e indivdesiasigulation
above) with friction between the bearing being renoved

d e ati hisge S ; i -
. 0
s APEEOEE LS, SEFEL ReF SRR g v
aft .(e the roto enbly) fromnoving in the
assem@ﬁr%er&f‘g tl—:-g“:f P%?weagggt%ﬁaec[{g t. Consistent with the
present | oad-bal anci ng net hods, using | oad-bal anci ng

deatirieg kb 1250S88Meest an bitsr boIngaRibtA550 anfinsdydfetridgl Gap 260
relative to the position of bearing bracket 120, thus

bolted?féé F)g%% B&urth fd.taﬁ 2‘3‘3%@1{ Beari%lgia{eﬁg)"ly bogs sehhd Besidd B0, which, as

ve i eari ng acket position does not

requi re that the t be .prevent Y .

shown s, SubsEpofo MaR SIHOPE el g Rei A cheiy, B8 btudes inner

ermtted ow ng tg, tol eranc andthe flexjing or .. .

race 1% 0Bise £33 8¢ MEOL eI mETE L6, Aoy SpRRR T hisehgiment,
along at least a portion of the fixed shaft 110, and

be ballsheAs tguembergmeni gromsnbsasingd 3063 aenfigureretongiyioygd, and surrounds,
bearing and the shaft is balanced by the reaction

shaft 110f GReptqv26ebhshypdrdad(ihe@niirgaf éw itlie eh®Odinfmt)gpositioned on one
result, no loading will be placed on the opposite end

side 19 of P&urin@t B0l B8d BREhcAL255hss o ?oﬂio‘ﬁ%oﬁﬁféﬂéd @fi@nother side 133 of
enbodi ment of a bearing assenbly that includes an

- | at i . [ u i .
v B LA SR o9 205 i, Bl i
including an industry-standard material such as A36 steel or gray cast iron. Any

commercially-available bearing may be used for bearing 130.

Bearing assembly 250 also includes insulation assembly 300, which is configured to
substantially insulate bearing 130. The term “substantially” is defined as at least close to
(and can include) a given value or state (preferably within 10% of, more preferably within

1% of, and most preferably within 0.1% of).

The embodiment of insulation assembly 300 shown in FIG. 5 includes inner
insulating ring 310; insulated bushing 320; and outer insulating ring 330. Inner insulating

ring 310 is positioned between bearing 130 and the middle (not shown) of shaft 110.

-14-
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assenbly opening 125 of bearing bracket 120. Bearing
assenbly 250 includes an outer bearing cap 255, an
wo povsfi1tagnr i ng cap 260 bolted to outer beari ngPCHpPSA55016136
wi th bearing assenbly bolts 257, and bearing 130,
whi ch, as shown in this enbodi nent, may be a rolling
Insulated BiEilg BEAhAEY porBea 32 Godifidnédalound st lefdierporaae ofl B&ring 130.
outer race 134, and rolling elenents 136, which may,

Outer ﬁ%l%ﬁ?ﬁ‘nﬁéiﬁg 3pN pogabRA ﬂ@iﬂh% tReteB@ad poif® (é @' ﬁat surface 117) of

shows, bearing 130 is configured

shaft ﬁHrtB nsdi ?{‘ﬁgﬁgﬁ %%%103*‘65% Pf&lat %&%%%??’ n%e@pbebasseal that

re-ca

05|t one one si 1 .130;. and.out.er
functicBS 30 u8Hn Gest e BFisPon LR BH@%P hE@rfB{“ﬁelPS@F‘t&ég i3 310, and
of bearing 130. Inner cap 260 and outer cap 255 may
outer ingwdating g 330, (wich Bmcdonseasdpndis) aissd|ig &Pﬁ@néﬁlbodlments “may be
i ndustry-standard material such as A36 steel or gray
made et anyr smitablArdjelednerenatéral Ithat posdesses |soffipaent |1m@hm9a1tﬁérengﬂl for
used for bearing 130. Bearing assenbly 250 al so
the applidakid eSO StdhainafiaR&Se Eisy ckAR, lawachinysegoindd gud edred with
to substantlally i nsul ate bearing 130. The term

epoxy resid %}tzlﬁ@ﬁ g@:lté i nlestsA8E NE@\QAE’GI Bliah 838 an€ i PSR (eBmb@RElally as an

can’inclu aglven value or state (preferably within

epoxy %’1%8@2%53 6?1(/1111211;6 ugét %831%%11#\%0}15#58&/ @?Kn&fo?@ Q%ﬂo Duter insulating ring

i nsul ation_asse 300. shown_in ElI G ner
330 may gffoats Hgdy M@eﬁb 7h V&V@%ﬂ%ﬁ?ﬁﬁh&ipﬁsealﬂ_ igy that has

i nsul ating ring 330 Inner insulating ring 310 is

part ngp 40898 Neshlgeanwseemlls 300 m@m@moaﬁaunegéo RiagEmEally, gsulate bearing
shown) of shaft 110.Insul ated bushing 320 has a

130 frp@rbathmigPRequeaty comed (anroem daeing|ebsqueacyof fioonakgfut 500 hertz
bearing 130. Quter insulating ring 330 is positioned

(Hz) tBEHouNB0bHeIA)ehid/BabotROhiBh ftuency hhdlovs Wdgaesylduttendf(current
shaft 110 than is inner insulati ng ring 310. Quter

havin% Q?ﬂéh@éﬂbggf oRPandal 0 TYtoRBo aﬁf@?{%)&tswaﬁlﬁg PR ihing 320 at

aring grease. |nsu i nner
ul at i ring 310, and outer |nsulat|ng r|ng 330
least O(ﬁ]n El%]é

tions as (and is) a seal in certain
enbodi nents) nay be
Although the basic embodiment of the present load-balancing methods was described
above, additional embodiments will now be discussed. The fixing of the shaft position
relative to the bearing bracket position of shaft 110 and bearing bracket 120 in FIG. 5 may be
accomplished by, generally, contacting end 115 of shaft 110 with shaft engagement element
140; contacting bearing bracket 120 with bearing bracket engagement element 150; and
connecting shaft engagement element 140 to bearing bracket engagement element 150 using,
for example, connector element 160. It should be understood that any suitable construction

of these three elements may be accomplished to achieve one of the present load-balancing

devices.
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made fromany suitable dielectric material that

possesses sufficient nmechanical strength for the
wa@ppbitcati on. One such material is a glass cl op¢iI/US2005/016136

| am nate inpregnated and cured with epoxy resin, which

material neets the NEMA G| standard and is sold

QME Ra6ira| dftha préente RRAdbalanbiRE dc¥s®s lianhdiahe vatiend elynents be
I nternational Paper (Stanford, CT). CQuter insulating

conﬁgﬁﬂe@gY ﬁﬁ%eﬂ?ﬁ! 1&les® RRnMRLS r@ssﬁf‘@éan el @b IsMaft 110 and bearing

avai I on1|npro/SeaI Cor porat i that has part
I
e 20, BBl 0 eaefe.aﬁggfwm B RS e

fre enc curre curr y%@% a.frequenc

of .fr
same it LN BOMCIERE SOTRBY 4 D) 6 B8 Do b2ty Sich as the
hi gh frequency and | ow fre uency current (current
embodipaettnef ipafrbetstieingdesicor KohppoLtn F1Gr & o laKbistersgimgy, shaf
by maki ng i nsul ated bushing 320 at |east 0.25 inches
engagenidnt kelenddrtt Hicl@gind hearhngsbraclertrixmghgammint aflerhdng IS0esrerthe result of
| oad- bal anci ng net hods was descri bed above, additi onal
machnﬁﬁ@@cﬁlﬁlgetp‘iec\éﬂ dfl marenulbestaifs@iss s@tent Biandrt M40 galeds théhape of a
shaft position relative to the bearing bracket

central@ﬁan,g%ﬁ@gl 21, wi a{ ExtddPrBRhIIGRE 'nﬂg%rgﬂ?e&ﬁfect%a % 'ch{:el:@r element

I shed by, general contacting end

.h
o ol Ea TRE N i@??%%%e%ﬁlﬁag?”?%cé&
LA RN L S ——

el ement 150 using, for exanple, connector elenment 160.
connedted hemindctbeelgmeelr kilo Gchetdeanecting stapi disgypsed @baee matingpstances
of these three elenents may be acconplished to achieve
where Otte Qhaft hengpg@sant clbmant- baliategially deviedesvilnéhd éwtumg bracket

of the present | oad-bal ancing devices is that the

engagé{“ﬁéﬂtoélén@ﬁte RRR thePRmEOHT HEULRHuMLIANE @FP@sE th RAER those two
such that pressure can be applied to shaft 110 and

f haft 110 and/
stemei g BT R i BB T st ot ed. at the same Ui mo.
Eg%tgll%geﬁlté ebéﬁhrelgﬁ P the %ﬁ it F%geoa a&&@ga}ng’ch c%l, the contacting

of the end 115 of shaft 110 with shaft engagement element 140 may include inserting a

portion of shaft engagement element 140 (e.g., bolt 142) into recess 112 of shaft 110. That
inserting may include screwing bolt 142 into recess 112, where recess 112 is provided with
one or more threads. Similarly, the contacting of the bearing bracket 120 with bearing
bracket engagement element 150 may include insert bolts 152 into recesses 122 in bearing
bracket 120.

Another of the present load-balancing methods includes removing bearing assembly
250 from around shaft 110. In still another embodiment, where a rotor core (not shown)
surrounds shaft 110 and a stator core (not shown) surrounds the rotor core, the removing of

bearing assembly 250 may include supporting end 115 of shaft 110 (using a crane, one or
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enbodi nent of | oad-bal anci ng device 100 shown in FIG
6. In this enbodi nent, shaft engagenent el enent 140
wae@sheani ng bracket engagenent el enent 150 arBCT/082005/016136
result of machining a single piece of material. Shaft
engagenent el enent 140 takes the shape of a centra
more jAElE, ®€ tan§rothérlsuittBicCheehehBR; témoniagndhabeltd (M@ halvhy that hold
connected to connector element 160 (which is a portion

bearin® fasdeifb19 2501 BaeaBhs Aaht QZG'gﬁf%rlil@lEQ,-or% hiE! Jor such bolts are
racket” engagenent el enent 150 takes the form of end

: J €=\l 1
acisfil S0E07 5y b LGRS 5L el 980 kRt Sl MERGR) b o
. .Step .di scussed gbove .may, jn instances ere the shaft.
(Wbl S eaT A FLThel ey PSR ot e dESetibed as
_ . bearing bracket engagenment elenent, take the form of
jacking helesyen ikend oS} Biokessng Resembiaals (and omere spscifically, in outer
el enents integrally formed with each other. Conti nuing
cap 238 tthat eard @bl gmeshtvith ol at tpioetiqus exferenrihg dacletl B2MY; itightening the jacking
net hods, the contacting of the end 115 of shaft 110
bolts (8ig hgrabadity enyagannis elagygadkinkdBolb@ys arechetded may be used, for
inserting a portion of shaft engagenent el ement 140

exampﬁee, 293, 4 bolgt 7142) 1bp$ﬂnﬁﬁﬁﬁ§§né—ﬁ&t%aflgg%e&} 18ti1 Bd@ihg assembly

Inserting may ‘i ncl ude screw ng bolt info recess

. 112, re recess 112,14 s [ . WL T e .
250 is;ioy il oy BT ooty uB R 2B e Bl TR and towering
bracket 120 with bearing bracket en agenent el ement
shaft 1180 g{p ¢ayes thgdoforseeo e t}iassiatphig% Tecesses 122 in
beari ng bracket 120. Another of the present
| Bladl réradeing iof gherataniods bplit (digssade hsoughgub dus idigglosure) may be
assenbly 250 from around shaft 110. In still another
achievedindippeopiiatertisnenstanced, evithoot en{avotg soaw) al$ of theurwdis all of the
shaft 110 and a stator core (not shown) surrounds the

way ofit0$04]] heloPenihBetHQIENRISh Geyhed fHrfddieds Farthtnnot&Qhert¥htening of
i ncl ude supporting end 115 of shaft 110 (using a

e BRI RUDSEB8 i f AL L b o gt 110
and, rr?)gg éiggcg%c%?%ggfﬁ]}l %thégggltg?mgﬁe%el ngg ?eésaegr}iﬁ}t/ 2%8 %ug E)P Eearing assembly
opening 125 because inner cap 260 is commected to outer cap 255, and inner cap 260 can be
provided with a protruding shoulder 261 that is configured to contact outer race 134 of
bearing 130. Protruding shoulder 261 will, therefore, contact bearing 130 at outer race 134
and help to move bearing 130 along fixed shaft 110 as bearing assembly 250 is jacked out of
bearing assembly opening 125. Furthermore, in this embodiment, inner insulating ring 310
has a female notch 311 that is in contact with a portion of inner cap 260, as shown in FIG. 5.
Inner insulating ring 310 is configured (by virtue of its inner diameter) to contact inner race

132 of bearing 130 and help to move bearing 130 along fixed shaft 110 as bearing assembly

250 is jacked out of bearing assembly opening 125.
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desi gnated generally in both structures by el enment 259

in FIG 5); inserting those bolts (which may be
w@eb@sacier i zed as jacking bolts) into openi ngsPCWB2005/016136

may be described as jacking holes, or jacking

openings) in bearing assenbly 250 (and, nore

SPRE. 1 ishiéwh Yone | dmbdidiBéntCaPthe bschh dbard{eredtdvan@evides. h Bearing

flat portions of bearing bracket 120; ti1ghtening the

N
removhlafe‘ﬂégglogg% t&ih 5 r%rfgr ggé@%ﬂg a rXtaﬁEg “%}é@gl“’ Xl%og‘r%ﬁ%@‘ﬂai%ng at least
Kk
one sisg-aoutlyd GhYRE FemP Beart oy Bagmp s -
bearing P UEIET g ASHEATHORT0Y Seabineloe FuterRg SaEBIort orte Totating

to contact the stator core. The renoving of the
machineeandoeludothe eatarics ofibs eotating magitivadiseussed doyel osur e)
may be achleved in appropriate circunstances, w thout

oF e R PBeflen ot bRl o iy S A B ot
o ol T T R 5 S 4S5 5 v

fixed shaft 110 and, nore specifically, wll
assembilytengagesient plswenbas( thagiszpongtred i@ sMgagabedingrsaembly 250, and a
assenbly openi ng 125 because inner cap 260 is
conne€on REpicad 46® thatt esnneétp Hafi, cantadting ndemesp4 A6 6o deearife assembly
provided with a protrudi ng shoul der 261 that is

engag&B&tic M el 450 AQHIBSY sROWE rthés@ ¢ifed Smehts RePEdnTEudedCrith respect
Protrudi ng shoul der 261 will, therefore, contact

o AR BB G A B PP i
ked t of nbl .
so0 o o SRR EBRTRAC ML M o s
310 has a femal e notch 311 that is in contact wt %1 )
defineg castalesir & thermdarias 3 thebearing asmawhyithan-iaghegnterigh ef e bearing
insulating ring 310 is configured (by virtue of its

assemblyner di ameter) to contact inner race 132 of bearing
130 and help to nove bearing 130 along fixed shaft 110

S BRI S Bl g
one bolt 4 2r Snsde nrtnorkc)aeSlprelmn calrly(?,ngtv?elastd%\f/c; %gﬁs 4%%61 hoﬂs 442, which can be
characterized as jacking bolts, can be threaded and placed through openings 466, which can
also be threaded. Thus, the connection between connector element 460 and shaft contacting
element 440 can be a threaded one. Bolts 442 contact end 115 of shaft 110 (and, more
specifically, flat surface 117 of shaft 110) and tighten to move connector element 460 — and,
thus bearing assembly element 450 and bearing assembly 250 — directing a force through
shaft 110 that a balanced reaction force to the force that pulls bearing assembly 250 out of

bearing assembly opening 125. The reaction force shaft contacting element 440 delivers to

shaft 110 keeps shaft 110 from moving with bearing 130 and/or bearing assembly 250 during
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renmoval device 400 is configured for use with a
rotati ng machi ne (not shown) having at | east one
wab@bsiiimwunt ed rol ling el enent bearing. RotatiPQI/US2005/016136
machi nes with which the present bearing renoval device
are particularly useful include notors and generators.
that remh&¥al pedcRbd. MEorBGHIAE neRAine Bt WRBerbRE apRokitiady AD00 hérsepower,
rotating nmachi ne di scussed above. Bearing renoval
: I&QS& haft contacting el ement 440
mw1n€ﬁ§¥@?g%@%%s%gu Sg4gngage an end 115 of shaft 110.
Bearing renoval device 400 al so includes a bearing
ds shetdnbodigagedmonn @l EMENT, B&Ginghadsemblycengaggueddelement 450
engage bearing assenbly 250, and a connector el enment
include46& lehattwoOopsecs2, sfadh lof Gaitiaghdiidesel BOR Mead 4841 OBolts 452 are
beari ng assenbly engagenent el enent 450. As FIG 7

conﬂgtﬁg&’\e@ enkd¥eS 8nd 5 G8 a(”gleegﬁdcﬁ:’l%l% a§§e@nﬁ? kb 9uLRD wWrk Rpecifically, outer

spect "to each ot er that at | east a portion

cap 25&68%’ Seaglbi)h][né otﬁr“%& nfelggst ul Lsal)ll olfn ocge%n%%%gl{a (r)&tjef @EPESS In the
assenbl y "Qutside," .in this cgntext, d

embodgeg e up. 1653 FEcsst BV keohe R § QPFTIRES ewﬁﬁh Fdhe same
to the interior of the bearing assenbly. In the

threadshbpraingsnhrastgbwiithh bpitemay besplagad ©osrmaedtibegrieg aspembly 250 to
440 includes at | east one bolt 442 and, nore

bearing peckéti 128l | The @eningsd62 inveonnottbs elémh2nt &) may 84 Mreadeid shch that
can be characterized as jacking bolts, can be threaded

no nut@%ge Hée'ﬂ‘é&% tsBERE BB1tO RSN it dSufEeor NG 468N Alk&hatbely, however,
hreaded. Thus, the connection bet vveen connect or

non—th%glﬁg&e gée&l 4‘1?# m%m??lgl ts4 ﬁl gp cont 20 t e n 1 15 Oéﬂgﬁﬁ??m?%%t%n For

. T speci ficall ce 117 of shaft
: rotaé%ylagl?-aae ndeeerars maveieefheddl RERuly tdieh a8l moy v
hus bearing assenbly el ement 450 and bearin

used f%leplts Hi2 eéﬁh‘?’@hafmfhb}/"lf‘é bolts érﬁgill?og’ﬁe?ﬁt eqgset) g‘Pr armg a)ésembly
bal anced reaction force to the force that pulls

engagdmeant ictegneas 480ahgre 25M twietbadts (beadi fhod. &s Sehisl.  0opareigdolts) may
125. The reaction force shaft contacting el enent 440

be usedl @ bates Suit @ given application.

In the embodiment shown in FIG. 7, connector element 460 includes plate 464. Plate

464 may have any suitable shape, including circular, rectangular (e.g., square), oval, etc.

Bearing removal device 400 may be used to solve the problem (discussed above) with
friction between the bearing being removed and the shaft of the rotating machine causing
cither the shaft or the entire assembly connected to the shaft (e.g., the rotor assembly) from
moving in the same direction as the shaft. Consistent with the present methods useful in
removing a bearing from around a shaft, using bearing removing device 400 will cause
bearing assembly 250 to move in a first direction (designated by arrow 473) and direct a force
on shaft 110 in a second direction (designated by arrow 477) that is substantially the opposite

of the first direction. The force with which it causes bearing assembly 250 to move in the
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shaft 110 keeps shaft 110 from noving with bearing 130

and/ or bearing assenbly 250 duringthat renoval
w@e@sasH4l For a rotating machi ne that generat eBCT/US2005/016136

approxi mately 1000 horsepower, one-inch bolts may be

used for bolts 442. hi the enbodi nrent shown in FIG 7,

first dRE€AIOnNYIIPBS efiM] fto GRE BGESTEIRAE iLHiestrdtt of AnkRELAdOSshak 110 in the
| east two bolts 452, each of which includes a bolt

sub stag‘tﬁggr @6 siteBQbdd él?(%tlg_gle ?‘é %gfeéugtl;' gﬁ g?ahﬁngﬁgﬂ@%gga&ﬁ%nﬁﬁg opposite

gé, bearing asse 0 - Ifica
ter 5 - by each being threaded at | east
endoﬁ%%?*%ﬁ%ﬁn%hIg‘recesses in outer cap 255. In the
enbodi ment shown, those recesses nmay take the form of

OPE Mengsar? iR, uhbheaing rfehRvaladeidchigndad idaid fgSging bearing
t hrough which bolts nay be placed to connect bearing

assem@i@sﬁﬁ’&%dzﬁgbré %pé&ﬁédlfjrgéﬁfﬁg;;c%}ggs% gvithTB@arﬁﬁ%e&is&Hﬁlty%agement

I h connector el ement readed stch tha
u are_need tp_secure bpolt conngectar. .. .
ctemefl's50 365085 Wi FrE R EFmBNL 320 36 et I L ffdirection, and
openj 462 and_ nuts (not sho may be used to nmak .
COI“aCFH&tSﬁ%%i%‘é’FPé aft mta%&z&ﬁ%nﬁéﬂ%% F#l ‘i‘?éie"feﬁ‘a r?je%ﬁhStSE%ﬂ in the
approxi mately 1000 horsepower, one-inch bolts may be
secondyduectiony Bearing KMP wil\mayeaghbegring 253ty 268 (af avhadhoifnis a part)
as being used for bearing assenbly engagenent el enent
move 4&@0the raine redsans given abbtes [reowe emBodithent thédcontact ®f thg shaft may
10, or nore bolts) may be used to better suit a given

includ8PRintaethy Gt dubfabd€ 1¢MRO Eho®Atin SMEWN 7| NI bfthds embodiment, the
connector el ement 460 includes plate 464. Pl ate 464

engog ISR, (Nipg eft e a0 Eing L Tfie BN ALY chlnas 250 1y bearing
\J 400 may be.used to, solv he probl em (di scussed
assemg&;{ﬁ@)e(aj\t}ézﬁor? %Pet?fti.lc V8L o) Z%g)bear i ng bei ng renoved
and the shaft of the rotating nmachine _caysing, either
t Rae §gaire op theyreseahbsarias suesb AgViessin et thy shaft pppiacting element
shaft (e.g., the rotor assenbly) frommving in the
and thedhearing pesembbnergagementsiierhent bemesfigued twitli raspechéo each such that
present methods useful in renoving a bearing from
pressud¢ Gatisk @ppliedfid shafis T0gat bieasaintegtime thay begyingessanebl @60 vi Withdrawn

cause
from bearing assembly opening 125 in bearing bracket 120.

Continuing with embodiments of the present methods useful in removing a bearing
from around a shaft, the engaging of the bearing assembly may include inserting (e.g., by
threading) one or more bolts 442 through openings 466 in connector element 460 and
tightening the bolts (e.g., gradually and evenly if more than one is used) until bearing
assembly 250 moves in first direction 473. In still another embodiment, where a rotor core
(not shown) surrounds shaft 110 and a stator core (not shown) surrounds the rotor core, the
method may include supporting end 115 of shaft 110 (using a crane, one or more jacks, or

any other suitable mechanism); removing the bolts (not shown) that hold bearing assembly

250 to bearing bracket 120 (the holes, or openings, for such bolts are designated generally in
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beari ng assenbly 250 to nove in a first direction

(designated by arrow 473) and direct a force on shaft
wQai@sitm4al second direction (designated by arr omCHUFI005/016136

that is substantially the opposite of the first

direction. The force with which it causes bearing

both s@S&ERPIbY e2aRer 2590M I Hh&ld ToWeridh sBE 190 s¥iak lto Reuse the rotor
equal to the force that is directed, or transferred,

core tot RnRefk s &%gkﬂlthe substantial ly opposite second
Irection. aresult, no loading will be placed on

t.he. o site.end of rotati hi.ne., To be cle
chenfBE Y SEaSTPnd i arsh, PRLTRBEUER s P dul R8hods, the
engagi ng bearjng assenbly 250 (and, nore specifically,

preseng,peig d§PO VY Beviges: Hn é%??fﬁﬁenégéeg}%‘ﬁ ySeRpagEmentos a beating from
el ement 450 so as to cause bearing assenbly 250 to

aroundra\sbaft rere met frtensled dp rhsckinged tatlee paticaler forgssaglf steps) disclosed.
with shaft contacting elenment 440 so as to direct

Ratherf dliegearerto tcbeersiibhiodificatibes, sgoivaling] aed bitenatiwsahlling within the
130 will nove as bearing assenbly 250 (of which it is

scope 8f BRIAAmID¥8r bRImp1BCalSRUEL FARSO Bl%nﬁht\/l%&riﬁgﬁﬁﬁzigg balEfor rolling
enbodi nent, the contact of the shaft may 1 nclude

elemelgt% g]%iﬁée: pé%lﬁ%{g'&?l:%n #E fp?is@nt]i;r A DHRY Qgﬁin% %ée!:ngéﬁts—_zsuéhnas rollers—

€ engagenment earing

asse i ncl udes i.nsertin olts 452 inta ni ngs
may bS3R e Y REF S eRBS 86t fohmsipi s ceRRiRg Homs plus- o
in outer cap 255). One feature of the present Eearing .
step-plugrfpnciiondayitatiogs, wnlesssuch pdimitaion is srphEly Fepitef dpgpgiven claim
and the bearing assenbly engagenent el ement be
using the phrage(sk tnedns Hon’ g fstep fard’ respehtivalizh t hat pressure can
be applied to shaft 110 at the sane tine that bearing
assenbly 250 is wthdrawn from bearing assenbly
openi ng 125 in bearing bracket 120. Continuing wth
enbodi nents of the present nethods useful in renoving
a bearing fromaround a shaft, the engaging of the
bearing assenbly may include inserting (e.g., by
t hreadi ng) one or nore bolts 442 through openi ngs 466
i n connector elenent 460 and tightening the bolts
(e.g., gradually and evenly if nore than one is used)
until bearing
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1.

assenbly 250 noves in first direction 473. hi stil

anot her enbodi nent, where a rotor core (not shown)
waeosourds shaft 110 and a stator core (not shpowmpS2005/016136

surrounds the rotor core, the nethod may include

supporting end 115 of shaft 110 (using a crane, one or

more jacks, or any ot helCIsAIMSbl e nmechani sn); renoving

the bolts (not shown) that hold bearing assenbly 250

to bearing br acket 120 (the holes or openings, for

f bolts. are desi e genera i nboth structures

%/ INGLIGVICE Cf orauﬁa vfl qtﬁﬁlgslﬁgq ne hgying a shaft, a

as tO cause the rotor core to contact the stator core.

bearing pragkefusereiadingd dresslaftl adae bersingr swegunding the shaft, the load-

| oad- bal anci ng devi ces and net hods, the present

ummﬁmmmgmhn@emempmahgdev|ces and the present nethods

2.

useful in renmoving a bearing fromaround a shaft are

AGhaft bh£RERENE Deriént lcbifigiRed toterichge RoEdd &qh@ﬂlahor s and
steps di scl osed. Rather, they are to cover al

! hlﬁ%é:?%"@;?3%%‘3“%“@%2*1%*?5@&%%F%f%éc‘%p?fl%egﬁﬁ#ﬁ%ﬂ and
rollin t bear.i a I
artahufiie ETENseBROLRE e MY, Aikegaed itiorh b Wharipg pracie
rolling elen?nts such as rollers- nay be used.
Fur $1%8BFBFHE cl9M®tc| ai ms are not to be interpreted as
i ncl udi ng nmeans-plus- or step-plus-function
iheie thtei hag, engagasesnt sleskend, the ficamng bracke emgpgdnednt [slement, and
recited in a given claimusing the phrase(s) "neans
f or the @ebnrickte @ldntent Areroeafigmed wilhyresged tWBadh oer such that at least a
| oad- bal anci ng device configured for use with a
r ot Gdrtib ofBetbAgschf Cldtene wiin8é b@sﬁo&ﬁ%\ts'i& thE %éifﬁ{g bracket.
surroundi ng the shaft, and a bearing surrounding the
shaft, the Ioadtransferrlng devi ce conprising: a shaft
engagenent el enent configured to engage an end of the

12 ki o B o A e R oGl & oMM AL aroubr Bl neast %

connecting the shaft engagenent el enent to the bearing

horsepgyyefeket engagenment el enent ;

3.

The device of claim 1, where the shaft engagement element, the bearing bracket

engagement element, and the connector element are integral with each other.

4. The device of claim 2, where the shaft engagement element comprises at least one
bolt.

5. The device of claim 4, where the bearing bracket engagement element comprises at
least two bolts.

6. The device of claim 5, where the connector element comprises a plate.
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where the shaft engagenent el enent, the bearing
bracket engagenent el enent, and the connector el enent

wae@saonfii gured with respect to each ot her sucPCT/H81005016136

| east a portion of the connector elenent will be
positioned outside the bearing bracket. 2. The device

GFhec Hevipe bf ohier &, tieere dhatbeadngribedukae incdudeapabkaingf assembly
produci ng at | east 1A horsepower. 3. The device of

opemn%,I ahdtbk, bedfiaE s ik oThabdaria b FREPRN thoSikieA®N N, thelRaring assembly

eari ng bracket engagenent el enent, and the connector

| ement are integral with each other. 4. The device of
aim 2, where the shaft engagenent el ement conprises
at least one bolt. 5. The device of claim4, where the
beari ng bracket engagenent el enment conprises at | east
t bolts. .6. The device of claimb5, where the
gﬁ%ﬂ%ﬁ%ﬁn%ﬂ&ﬁﬁﬁkdE@Wﬁ??@%s a plate.7. The device of
claim2, where the bearing bracket includes a bearing
aweudig e wimgmeachinedaving: bearing is part of a bearing
assenbly positioned in the bearing assenbly opening.

8. A |oddfiialmgcinregd aed hehafcpegitiorsi ng: provi ding a
rotating machi ne having: a shaft having an end and a

shaf t Pe&dringOtaciet RERsUHIGh PIRCHKEE, Srd-adnd bEkéthBiving an outer
shaft, the bearing bracket having an outer surface and

a beari ngulq§(%%gtdb%%gﬁé%%%etgggtigm%ari ng surroundi ng

the shaft; tixing t ositron relative to the

beari ngbga%%gléatml%?d%étlhgghgfg achi eve a fixed shaft; and

fixing the shaft position relative to the bearing bracket position to achieve a fixed
shaft; and

moving the bearing along a portion of the fixed shaft.

The method of claim 8, where the rotating machine is capable of generating at least Y4

horsepower.

The method of claim 9, where the bearing bracket includes a bearing assembly

opening, the bearing is part of a bearing assembly positioned in the bearing assembly

opening, and the method further includes removing the bearing assembly from around the

The method of claim 10, where the fixing includes:

contacting the end of the shaft with a shaft engagement element;
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novi ng the bearing along a portion of the fixed shaft.
9. The nethod of claim8, where the rotating machine
wo g00sapal e of generating at | east 1A hor sepoweeT/US05/016136
The nethod of claim9, where the bearing bracket
i ncludes a bearing assenbly opening, the bearing is
pathctofg the betr surfhcaof érebepripg biackeneith & hedrhng tyeckel eggagement
assenbly openi ng, and the method further includes
r engl¥neg; bdie bearing assenbly fromaround the shaft.
11. The nmethod of claim 10, where the fixing includes:
%Qﬁ{e%ﬁfrlr%ﬁ& SBFE eﬁ%%eﬂten@@&n&ﬁ‘%‘é eWebiinSb2B@dt bngagement element.
engagenent el ene contacting the outer surface of the
bearing bracket with a bearing bracket engagenent
el ement; and connecting t he shaft engagenent el ement
12. #g‘?tmh eh(g*e A ng Ly F%Iéet%ggg(? ggthgﬁéafgin% uﬁlgs gﬁlg? siurgc}ee and a recess
i ncl udes flat surface and a recess extending into
extendingentotihé sharf? Gemtthe flpt srfaserangddbe centectingdhe epd av@ludﬁg inserting a
the end includes inserting a portion of the shaft
portionefghgsiminingesetmamn tleinehiintdthe reesss. 13. The net hod of
claim 12, where the contacting the bearing bracket
i ncludes inserting bolts into bolt openings in the
bearing bracket. 14. The nethod of claim 13, where a
13.  "19E9hehiRd %{ Efﬁrﬁ qﬁn%elterlﬁe %&ﬂ étmﬁathéﬁo@ﬁ 151%51{96’[ includes inserting

surrounds e rotor core, novi n I ncl udes

. to openings in the bearing
bolts uﬁ%ﬁ%ﬁrﬂp nﬁ%ﬁ%ﬂ%hﬁa"{(‘%@ jacking bolts until the

beari ng assenbly is renoved fromthe bearing assenbly
openi ng; the nethod further conprising: supporting the
end of the shaft; renoving nounting bolts that hold
14. tThe hethodngf aksrentd,ywherethaotor sorn guiseunsk he shali, a stator core

surrounds the rotor core, and the moving includes inserting jacking bolts into openings in the
bearing assembly and tightening the jacking bolts until the bearing assembly is removed from
the bearing assembly opening; the method further comprising:

supporting the end of the shaft;

removing mounting bolts that hold the bearing assembly to the bearing bracket; and

lowering the shaft so as to cause the rotor core to contact the stator core.

15. A bearing removal device configured for use with a rotating machine having a shaft, a
bearing bracket having a bearing assembly opening, a bearing assembly positioned in the
bearing assembly opening, the bearing assembly including a bearing surrounding the shaft,
the bearing removal device comprising:

a shaft contacting element configured to contact an end of the shaft;
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| owering the shaft so as to cause the rotor core to

contact the stator core. 15. A bearing renoval device
weomwsitgured for use with a rotati ng machi ne haRCTYSH05/016136

shaft, a bearing bracket having a bearing assenbly

openi ng, a bearing assenbly positioned in the bearing

adwegnp lasseodn ergpgemby dheaeritrgniigweditd yngage [thpiberging assembly;

beari ng surrounding the shaft, the bearing renoval

demidce conprising: a shaft contacting el ement

configured to contact an end of the shaft;a bearing

2BDRRERbY el@ﬁgﬁ%ﬁﬁé&ing [{BETBIRHE: SoHpdchigl leREndn® t&H@aREribd Bssembly

beari ng assenbly; and a connector el enent connecting

th c ting elenent to the bearing assenbly
Eulebi oot

eng ement; where the shaft contacting

| ement, .the bearing bracke senbl y engagene
i | ShaffacoRE B SR P ORI Ea P BoRg FegnP b iggssment
respect to each other such that at | east a portion of
t helemsath aad ge conaeriTelARent apcbignisdondyTaspec tqueachggher such
bearing assenbly. 16. The device of claim 15, where
t hthat ot dtdshg preiddn né thes comsetor elasenyrvoitlued positienddeuside the
1A horsepower. 17. The device of claim 16, where the
shpédrinpartaadlyng el enent conprises at |east one bolt.
18. The device of claim 17, where the bearing assenbly
engagenent el enent conprises at |east two bolts. 19.
The device of claim 18, where the connector el enent

onprise pl at . devi | 1
S T R R
to contact the bearing bracket; and
horsepower.

17.  The device of claim 16, where the shaft contacting element comprises at least one

bolt.
18.  The device of claim 17, where the bearing assembly engagement element comprises
at least two bolts.

19.  The device of claim 18, where the connector element comprises a plate.

20.  The device of claim 15, where the bearing assembly includes:

an outer cap configured to contact the bearing bracket; and

an inner cap configured to contact the outer cap;
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an inner cap configured to contact the outer cap;where

the bearing is positioned between at | east a portion
wo@toosheldaut er cap and a portion of the inner ce@T/USIVA5/016136

the bearing assenbly engagenent elenent is configured

to engage the outer cap. 21. A nethod useful in

véreny thregbearing ais ipogitibh@hbesweuin dt deashafgorE@Npr itlsd B@ter cap and a

providing a rotating machi ne having: a shaft having an

endporéioR 68k Mehdptas kgl surrounding the shaft, the
bearlng bracket having a bearing assenbly opening; and

S5en ngggsﬁﬁﬁg’g%lﬁ% ﬁé%ﬁ%{g;eeg%ﬁ?ls Baf E%eg?oaéﬂg&ga&‘% R ok,

surroundi ng the shaft and using a deV|ce t hat (a)
causes the bearing assenbly to nove in a first
irection and (b) directs a force on the shaft in a
21. %ﬁ@ ASHIEER TSRS StbsAt RSP pipisst thaftoesprisinst
direction. 22. The nethod of claim 21, where the
porvading g rotating machise bapeadl e of gener at i ng at |east VA
horsepower. 23. The nethod of claim 22, where the
devi ce shaf hivdeg an angghaft contacting el enent configured
to contact the end of the shaft; a bearing assenbly

engageniating berR sut8RhdifY 'ﬂ‘fedsﬂaﬁ ﬂﬁg%ﬁn% B?ch@tq{dvﬂ%a? bearing

assenbly; and a connector el enent connecting the s

contacti 0 _t.he bearing assenbly engagenent
el ement . mgﬁﬁg%g&PEE%EOf clain123 where the using

boar | g AE8B NBTPLLN GATFHER: Mo PERRE Geggbly openiag, the bearing
assembly including a bearing surrounding the shaft; and

using a device that (a) causes the bearing assembly to move in a first direction and (b)

directs a force on the shaft in a second direction substantially opposite the first

direction.

22. The method of claim 21, where the rotating machine is capable of generating at least

% horsepower.

23. The method of claim 22, where the device includes:
a shaft contacting element configured to contact the end of the shaft;
a bearing assembly engagement element configured to engage the bearing assembly;
and
a connector element connecting the shaft contacting element to the bearing assembly

engagement element.
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to cause the bearing assenbly to nove in the first
direction; and contacting the shaft with the shaft
weonwsacieng el ement so as to direct the force PCT/UR®05/016136

shaft in the second direction. 25. The nethod of claim
24, where the end of the shaft includes a flat surface

24.  Thednt¢thed obelsiacll, whetdihe siiagtindluddsudes cont acting the
flat surface. 26. The nethod of claim 24, where the
e@@@.ﬁﬂ%ﬂ& tdaginf aadchidtly astheahd byarinpcdsudaislyicngstehicng elealens so as
into bolt openings in the bearing assenbly. 27. The

”EEJk%s@tfhe ‘BEQME e85 BrcRe E&E}Erﬁr&%&cﬁ&{ r,agnds the
s at a stator core Surrounds the rotor dore, and the

&16 slﬂgft Q{ﬁ{ {nd %h?ﬁt? %Sn t}/ngné’ig&&ﬂes% as % %§ hétntge Frce on the

one ] ng bo
ct of ele I and ti ght eni ng the | ackl ng bolt
un? q Wﬁéefféﬁliﬁg’@e%genbl y noves in the first

direction; the nethod further conprising: supporting
the end of the shaft; renoving nounting bolts that
hol d the bearing assenbly to the bearing bracket; and
25. Theweeihod dfivdaish2d, twisoe dse ¢l ohtiweshtfianclodasra flot surfage and the
contact the stator core. 28. An apparatus conprising:

contactifig BRAMAM hcRERE BBktXctim@nhé Jaefaée) be positioned in a
beari ng assenbly opening of a bearing bracket of a
rotating nachi ne, the bearing assenbly including: a
roIIing el enent bearing configured to surround a shaft

26, Pl el ShR SR P SR A0S Ab R

an outer, cap haying a portion positioned on another
bOHSH“@P&EQB@ﬂP&%“VZ?Pﬁﬁﬁgé¥§W¥ﬁY bearing; and

27. The method of claim 24, where a rotor core surrounds the shaft, a stator core
surrounds the rotor core, and the engaging the bearing assembly includes inserting at least
one jacking bolt into an opening in the connector element and tightening the jacking bolt until
the bearing assembly moves in the first direction; the method further comprising:

supporting the end of the shaft;

removing mounting bolts that hold the bearing assembly to the bearing bracket; and

lowering the shaft so as to cause the rotor core to contact the stator core.

28.  An apparatus comprising:
a bearing assembly configured to be positioned in a bearing assembly opening of a
bearing bracket of a rotating machine, the bearing assembly including:
a rolling element bearing configured to surround a shaft of the rotating

machine;
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an insul ation assenbly configured to substantially
insulate the rolling el enent bearing. 29. The
wappanaes of claim28, where the rotating nmacPCTIES1085/016136
capabl e of generating at |east 1A horsepower. 30. The
apparatus of claim 29, where the insulation assenbly
i s conhngureectap hasingst potioaldoyitionsdibatoaetside ¢fofheimbing element
el enent bearing fromcurrent having a frequency of at
| east 500bdaging;z. 31. The apparatus of claim 29, where
the shaft has a termnal point and a m ddle, and the
i nsul at,j V] . : ' [ t |
ot | cneaiepEReAR e 1 OB R g Aol 1R of L F clomen:
m ddl e. %mﬂghe gpparatus of claim 31, where the inner
i nsul ati ng rl%émls made of glass cloth and resin. 33.
The apparatus, of claim 31, where the insulation )
assenbPy Hsylatignassembly rrnfiearektosubsirniplyuswje she rolling element
portion positioned around at |east a portion of the
rol ling eieenmegit bearing. 34. The apparatus of claim
33, where the insulated bushing is made of glass cloth
and resin.35. The apparatus of claim 33, where the
i nsul ati on assenbly includes an outer insulating ring
29. PRk tabpRarhs FaNAiR028, "Rhdre Al RhiimOhAEhAE id REHBNADE generating at
than is the inner insulating ring. 36. The apparatus
1 lL.aim 35, where the outer insulating ring is a sea
kaﬂ”ﬁégémgﬁw%he sane material as the inner insulating
ring.

30. The apparatus of claim 29, where the insulation assembly is configured to
substantially insulate the rolling element bearing from current having a frequency of at least

500 hertz.

31. The apparatus of claim 29, where the shaft has a terminal point and a middle, and the

insulation assembly includes an inner insulating ring positioned between the rolling element

bearing and the middle.

32.  The apparatus of claim 31, where the inner insulating ring is made of glass cloth and
resin.

33.  The apparatus of claim 31, where the insulation assembly includes an insulated

bushing having a portion positioned around at least a portion of the rolling element bearing,.

34. The apparatus of claim 33, where the insulated bushing is made of glass cloth and

resin.
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35. The apparatus of claim 33, where the insulation assembly includes an outer insulating

ring positioned nearing the terminal point of the shaft than is the inner insulating ring.

36.  The apparatus of claim 35, where the outer insulating ring is a seal made of the same

material as the inner insulating ring.
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