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shaft, and a bearing surrounded by a bonded el astoner sleeveyg ;Aahsho4
fractional wghsaRgyer notors containing same. 15 Background QfetB8 /761
| nvention Polymeric bearings have been used for years in nany app(| cations
wher e 't he working conditions require oscillating, 20 reciprocating, or
continuous notion, such as small el ectrpg motors. In a conventional.
notor, the rotor shaft exte ils t hrogygh . a housing fornmgd from brackets that
cover each end of the roto SRy SARHIE FGNJa@HLAMEY0 t he stator. The
housi ng restrains the rotor shaft, and thus the rotor body, against
supstantial axial 25 displacenent relative to the stator, and supports
bearings in which the shaft rotates.". The bearings maintain stability and
al i gnment Sf the rotor Whisepalicatiorgclxim st bankefial df\tHer fiting @hed i on of

the rotor sh 0 ' t rticularl eded for

appl i cati onsa,%’g\,U\i\gi cﬁit Eé&h‘n@ma'ﬁ%a‘?%ﬁ%x@%g%@ﬁ%ﬁm%o eW%-‘?)ti‘ol onged
periods of tileincgperatad ape parfyhgreafs. As such, the notor nust be
extremely durable; highly resistant to failure and preferably requiring
little mai ntenance over its useful life. 35 The conmponents which tend to be
nost problematic in achieving these paraneters are the bearings because
they are Hubj Bidldtef 3 InwwomiAgR4 WO 01/ 55607 PCT/ USQL/ 02761 persi stent
frictional contact wth{he.rotatin haft over the |jfe of, the notor.
Several types of beari ngﬁ%&%@%geﬁ%‘ﬁ%\)@a@g& Sflbpétftllcll(l&r, thisy"

hrmt or gener ?: invertien sebatet te & pobymeridbeding @Stlﬁfxf g&ah LA EirfgIm 'ngl : n a
ousi ng, ca t e nagnet $-.are,in circunferencial ly.
The shaft of %(qaéﬁr %@‘gr%?é\éﬂ'ﬁ?%gl%’ér%‘ﬂb‘ﬁ%‘mda W“ﬁe%i %@?Po%' gVfngs t hat
funétion to keed fragidonsl borsepowermatord contaheingt sdme. and provi de a

smooth 10jgotation with minimal friction loss. As there is no perfect
alignnment, and if the notor has to turn both cl ockwi se and

Ae el
J

Background of the Invention o ‘
Polymeric bearings have been used for years in many

applications where the working conditions require oscillating,

20 reciprocating, or continuous motion, such as small electrical
motors. In a conventional motor, the rotor shaft extends through
a housing formed from brackets that cover each end of the rotor
opening, and are secured to the stator. The housing restrains
the rotor shaft, and thus the rotor body, against substantial axial

25 displacement relative to the stator, and supports bearings in
which the shaft rotates. The bearings maintain stability and
alignment of the rotor while allowing for substantially free
rotation of the rotor shaft.

30 - Such electrical motors are particularly needed for
applications in which the motor runs for extended intervals over
prolonged periods of time, which may be many years. As such,
the motor must be extremely durable, highly resistant to failure
and preferably requiring little maintenance over its useful life.

35 The components which tend to be most problematic in achieving
these parameters are the bearings because they are subject to



counterclockw se, an axial force along the shaft is created fyyjijgoogystem !
The | oad"then has to be carried by either a thrust washer or through the

use of a ball bearing. 15 Polyneric plane bearings working in dry notors

are known to produce much noise and vibrations that cause wear of the

beari ngs, aw®)ssgdrcant decrease of the notor's rotational speedusaothsl
reduced notor life. 20 1t is also known to press fit jgurnal bearings
tightly to a bearing bracket. This type of bearing may require nmachining

after the pregerbistehbdriepionaticontashwithitenidiachng shafneveashs lifasf

manuf act uri ng ﬁost f the notor. Although a press fit journal 25 bearing
will remain i SIIQ(? O%n the beari ng bracket during assenbly, due 'to the
interference fit between the bearing and the housing, the performance of

the notor at tines mma 3 ti e the fix ogition of
t he bearing does not )altl P‘)gev‘\/;e??%rtg’-g\%gr?fs |agl'§{g]§’g§?§#lisso%%e g?‘?a‘}lﬁlﬁg‘?p t
al i gnent . 31 f elecirialodrsd metqragenerally sonpistsaira ngtarpeith moundevere
noi se and vi breﬁééﬂiba}l%ﬁerﬂﬁﬂii? £ BOKAME, Slted hAGiEHoROW P MOt Or S

which typically utilize sp al| dra . Qi regnat ed powdered 35
metal bear i ngdnBENEES ar%éaﬁtaﬁ ﬁwcalmg;r&%@ﬁﬁy {lﬁe offhentetem or zi nc

- bearing brackéisfs tolBestippoResd by HedéadiOvo HRAINEs ¢RAG FANkLiBRPRSKESpt O a
lubricant. In ﬁ gtly(%r 0(%%/ m c 29dJuI ihZO 4tS%StH§nIIt’ t hﬁ not or %; aft 1 s
supported by &RCHALOF| ‘%‘rcﬁﬁaeﬁ’et HASO6SEALPH ARG PHACALH SR £ | m causes
i nst abi | i 19 ofrot&tonywittnmifnslHyittooky dess.c Aslbhercais ao serfeein i s not
applicable to rese i t .. the, lngtability
phenogenon is alwgr?@h?hg hlg\r{%ﬁg k%tg @%Tfs hré%gtod%%bgirl%g%%%[n% %ﬂ@m ch the
present i nventsosmtprclarkwdsean aAxdahionesi slgngethe Rheftols encadefdry thery
not or beari ng %862 Thatload!thRs hBe tob& hefted by eitRr3NhY 1B /ld Qi hus
al  owi ng stabl e cont IQT%U us_rot tlgn og) t he bearing, increasing notor
stability and FiHEY %P&ﬁafﬁrfb FY RSt or life. Summary of the
| nventionls : '
Polymeric plane bearings working in dry motors are
known to produce much noise and vibrations that cause wear of
the bearings, a significant decrease of the motor's rotational
_ speed, and reduced motor life.
20 ‘
It is also known to press fit journal bearings tightly to
a bearing bracket. This type of bearing may require machining
after the press fitting operation, which significantly increases the
. manufacturing cost of the motor. Although a press fit journal
. - 25 bearing will remain in place in the bearing bracket during
assembly, due to the interference fit between the bearing and the
housing, the performance of the motor at times may be less than
optimum because the fixed position of the bearing does not allow
for even slight deviations in rotor shaft alignment. If the motor
30 isjarred or bumped during operation, severe noise and vibration .
- can result.

Also known are shaded pole type motors which
typically utilize spherical diameter, oil impregnated powdered
35 metal bearings or ball bearings held in place by die cast
aluminum or zinc bearing brackets. These types of bearings
require constant exposure to a lubricant. In a hydrodynamic
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An aspect of the present invention provides a bearing systemfor a rotating
shaft having a centerline, conprising (a) a bearing having a cylindrical
space in which the shaft rotates, the cylindrical space hax mgyaco4
centerline, the bearing being prepared froma polyner; and (b) a sleeve
having a uniformwall thickness and a cylindrical space in which the

beari ng r esiydes, temo®k dmfﬁsbﬁbp@gteﬁbgpﬁbﬂdﬂfmamaﬂia@b@&tfbm thhemisgl a tan
delta valug of at Ies %f0§ when determ ned at, a tenperature in the range
of 20 to 30MMYEAFELLsta % the systone  This dyiivod yeamic hebrication ssrsgenmﬁnot

| ubri cat ed, a gl B pRYUGiSvenBONRHES Hea Fg?ﬁ‘ﬂ@%ﬁ%ﬂﬁt hedl t during

whi ch the centerline of the shaft 1s para to the C& ter ne o t he
beari ng. Ondfferebbianthat ofrthy dpy metateysterodorpdiiiht the beeacrit mgyveation Bsrdiwhede a
polymeric material with good self-lubricating properties is surrounded by
an el astoner sleeve having good danpeni ng characteristics, thereby

enabling the capabitindiyg Adedday cEioRE FHUOHS nli&bxqsdaﬁﬁg stélﬂaaal?%%mew th
reduced noi se and vibration, thus reducing wear e bearing and

ext endi ng tieblep¥ef n@fsetanévﬁ@@trqmbu%@lmveng atable coﬂtmrms nation oftthe enmbodi ment
I e L S

di sposed in a's ngs or for

driving the rotor and a rotating shaft rotationally fixed to the rotor, and
a bearing systen1conpr|3|ng a bearing connectedly surrounded by an

el ast oner sYuBRarviof the bgention, 2004 reduce noise and vibration of the

beari ng system tAGLey e §én@qlazﬂa§r[ é&ﬁ%&bb&%nﬁa@&eﬁg}sb&aﬁﬁ and

pr ol ongi ng not or et ai ner
for ease ofshgf @éﬂﬂgy?‘célitefltnﬁecwsimﬁg systeminto a housing of the notor. 3a

20 July 2004 VO @14 BERAT AL UYHABKAD lofRe e hIRRSES AR 8] tishe Drawi ngs

Figure 1A is.a.cross-sect.ional view, ur e
9 cylindrical space %avmg a centerh%e the %eanng eing prepared from a polymer;

and

(b) a sleeve having a uniform wall thickness and a cylindrical space in which
the bearing resides, the sleeve being prepared from an elastomer having a tan delta
value of at least 0.02 when determined at a temperature in the range of 20 to 30
degrees C;

wherein the rotation of the shaft is not lubricated, and the sleeve is
compressible by movement of the shaft during which the centerline of the shaft is
parallel to the centerline of the bearing,

One embodiment may provide a composite bearing system where a
polymeric material with good self-lubricating properties is surrounded by an
elastomer sleeve having good dampening characteristics, thereby enabling the
capability of dry continuous rotation of the bearing with reduced noise and vibration,

thus reducing wear on the bearing and extending the life of the bearing system and

of the motor.

One embodiment may provide a fractional horsepower motor, comprising a
rotor rotationally disposed in a stator, stator windings disposed about the stator for
driving the rotor and a rotating shaft rotationally fixed to the rotor, and a bearing

system comprising a bearing connectedly surrounded by an elastomer sleeve to



a side elevational view, of a bearing systemaccording to the invention. 5
Figure 2A is a cross-sectional view, and Figure 2B is a side el evational
view, of a bearing systemaccording to the invention bondezb any 204 net al
retainer. 10 Figure 3Ais a cross-sectional view, and Figure 3Bis a side
el evational view, of a flanged bearing surrounded by an el astoner sleeve
accordi ng tredbdendisevdivileatior-ofihe Beaddigisgstamah@sby hefhsiag alotot seilitgnd Fi gure
4B is 15 a side el evational view, of a flanged bearing surrounded by an

el ast omer sPWdGRabiliysnd prRjoRging AWt dfent i on bonded onto a netal retainer.
20 invention. Figure 5 is a side elevation of a notor enbodying the

Detail ed Description of the- Invention In order to understand the noise and
vi bration 25 pheRontaang syitdne maytcomprike & hedring rpragme fir ehseveissentbly of
directed, h henonena were quantified experinmentally and a mathemati cal
nmodel was dté?/EF thﬁﬁ’tm%ﬂ%%galgmh%‘?lﬂ@r-au on of the instability

i nduci ng noi se and vibration. Then a technical solution to the instability
was proposed. 30 It was found that the noise and vibration problens of the
prior art are in fact linked to one another due to a phenonenon called
"reverse whirl". The reverse whirl phenonenon occurs when radial contact
is produced between the 35 surface of the rotating shaft and the bearing,
and friction induces a tangential force on the rotor. Since the frictional
force is approximately proportional to the radial conponent of the contact
4 \1- --- 29 July 2004 WO 01/55607 PCT/4JSCOL1/ 02761 force, preconditions for
instability are created. The tangenti al

3a



force induces a whirling notion and further a |arger centrifuggl|y 2664 ce on ’
the rotor, which in turn induces a |arger radial contact force and hence a
| arger whirl-inducing frictional force. 5 This phenonenon is onset at-a

gi ven | evel of speed conbined with a given inbal ance or an external

di st ur banceay, oise is linked to the vibrations created erse
whirl of ?ﬁgo-rﬂgtgﬁg?i ng shaft, created when the shaft rglls oﬁdll‘lpgg’df’ﬁ?in t he
10 opposite direction of the rotation. Noise and vibration result directly
from the bear BpgfShabéribbios! Hdse Mﬁrﬁg_sCBr eated by the friction between
them The system then begones _ynstable. ecause of the npise, the
instability is called sdagdre 1fms aicxessmseriional :ewgend Ergieg 1Boissuni ng
and al so | eads gi@e @1é@stionR] veaaw, Qfatﬁtﬁiﬁﬁ%@y%eﬂph&é&*ding%% se and
vibration is not .caused by resonance of the notor conponénts, as was
previously hYypotHE®Pzed. 1 The stability criterion can be approxi mated in
a first 20, approach by < 2s, where p. is the coefficient of friction at

t he bearing/shaft inter ( | 3 . of _critical apdanpeni ng
of the bushing. Accordi fggéﬁgg?%%'%?:Fbggf’ggﬁggl%&%g%ﬁs?g& El%l%etgﬁlléan be
stabi | i zed byaisade edeyagonnb viesw cehadipaning systeincaccardipgrondieor by
decreasi ng t hiifibh HctilePbnid hGhleBAl r&@ifiegONPOSi te plane bearing system
was then devel oped where the bearing is either conpletely-or partially
surrounded by an el astoner sleeve to counterbal ance the .dry coefficient

of frictimn, at the bealFliggreBalis 4 virosd-seetiohal MeeRORWEEFiAR-d 8BMWhi ch
the bearing is rr&d eni n ffect. The

ex. by..intyoducin external . da
danpeni ng si ghit %3&??%“8854 gh%%soﬁﬂg?aﬂg?(g}eéﬁbn%isg‘glé?%ae&eh)’sﬁﬁ by the
reverse whirlelastgumessslesvemdconling tsthataventieari ng 2 surrounded 35 by
an el astomer sleeve 4 of the present invention. The bearing system6 as
illustrated can be i nstsj_l ed directly into an electrical _notor._ The
el astoner sl eeve connectdgure4fnis asroseepetipaal vigw, and Figure 4B is

15 a side elevational view, of a flanged bearing surrounded by an
elastomer sleeve according to the invention bonded onto a metal
retainer.

Figure 5 is a side elevation of a motor embodying the
20 invention.

L

Detailed Description of the Invention
In order to understand the noise and vibration
25 phenomena problems to-which the present invention is directed,
the phenomena were quantified experimentally and a
mathematical model was developed that allowed the simulation
- of the instability inducing noise and vibration. Then a technical
solution to the instability was proposed.
30 - |
It was found that the noise and vibration problems of
the prior art are in fact linked to one another duetoa
phenomenon called “reverse whirl”. The reverse whirl
phenomenon occurs when radial contact is produced between the
35 surface of the rotating shaft and the bearing, and friction induces
a tangential force on the rotor. Since the frictional force is
approximately proportional to the radial component of the contact
4



5 29 July 2004 WO 01/55607 RCTI US01/ 02761 provi des a danpeni
reduci ng thqv(gl nd vi bration caused by contact of the s ﬁﬂj é he
bearing. The eﬂ!%g%lveness -of the invention in controlling n &@SY)\% ﬁij
movenent of the rotor is related to the stiffness of the elastonmer from

whi ch 'th I t d dit
gegﬁetryeafoﬁf téhZ’ Sy gb‘?ﬁl ThtbRiEY F %?af%%ia@aﬁ%p%eiimi[lergtﬁre.
The el astoner o oV ugua herrs lingen aintpifagatent of
{he Shatt 10 foseson Bh8 1ofr, Arhidtbn trhNA RS Lladkd:Alfliat IBRELLET bY Lhe

bearings) whil.e aI | 0 SO sel f -al |gn eafings. The
har dness and edqe ‘}i\g}?%&esamg’é’ﬁﬁq? §H@1%@13f91§B of the

el ast oner f£hosen for t he particul ar appl [ cat ion. 15 The conpressive
characteristics of the sl eeve nust match.th ujrenents of the
bearing application ?ﬁﬁgﬁ’ eQ%FQONS&ﬂipthqﬁt%ﬁe?iﬁVéq #1%9%@#5; in the
el ast oner dueombmlad witht & gived idybeleincel aroas extermahdistoirbancéhi s can be
20 control |l ed I I O@W I and the

t hi ckness of Mﬁ?&gﬁg@?@ é:g\?g% rﬁ%ﬁin‘é a%gar%{g}ﬁ Phegﬁ{'se nglé an

al | owabl e rot 8¢t rﬁ%@ﬂﬁf@%ﬁ?@ﬁt@dﬂh@m shaftaollsan léskeifunrthle with a

- conpr essi y@ deﬁb@@ite%@étléﬂ(wrt%rrdtaho‘ipeCN&Sis% aﬁ&%ﬁr%ﬂ@ﬂ' ul.d

defl ect 0.005 nch t. hi S0 I nc hIS sane
system i ncl udgareé’ﬁ g%%"r%@ﬁ& lﬁt%'g?etaﬁﬁjagﬁ%%e%‘fﬂb bgdbei nches
the total def ﬁactmnrbedm:éeh beer(). Olke ispeteas, thalrl betaaekhestalds, to contact

i ckness of HecpuSe %?‘t%@ém% o N8 GRHAIRUEY 8 SabieR STl AR o 30 10"

or Less, pref tnsigbylity asrhig y@ssgerandomumlpgamd anﬁbty leeﬂds tonaofastess,
dependi ng19n hey ' SHHd Bgaﬁ%'épﬁ&y’i‘ﬂepes[‘ﬁgquﬁgé a¥vibration is not
caused by resonance of the mot01 components, as was previously
. hypothesized. '

The stability criterion can be approximated in a first
20. approach by p < 2g, where u is the coefficient of friction at the
bearing/shaft interface and ¢ is the percentage of critical
dampening of the bushing. According to this criterion, an
‘unstable system can be stabilized by increasing the percentage of
critical dampening or by decreasing the coefficient of friction.
25 '

A composite plane bearing system was then
developed where the bearing is either completely or partially
surrounded by an elastomer sleeve to counterbalance the dry
coefficient of friction, at the bearing/shaft interface of the polymer

30  from which the bearing is made, by introducing an external
dampening effect. The dampening significantly decreases the
noise and vibration caused by the reverse whirl.

Figures 1A and 1B illustrate a bearing 2 surrounded

35 by an elastomer sleeve 4 of the present invention. The bearing
system 6 as illustrated can be installed directly into an electrical
motor. The elastomer sleeve connected to the polymeric bearing

-
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application. Since friction against the elastonmer is undesirgplg, » t he
desi gn of. the bearing/el astomer system depends on the axial Toadl ng borne
by the bearing. Figures 3A-and.3B illustrate a flanged polyneric bearing -
10 connectedly surrounded by an 6 29 July 2004 WD 01/55607 PCT/ US01/ 02761
el astoner sl eeve 4 In this embodi ment, the bearing/el ast ongf.,. oS 6 i
able to repYQ®¥SS80% adi al bearing and a thrust washer. Fhe bearing s
cylindrical, and it resides in a 5 correspondi ng cyllndrlcal space of the

sl eeve in anlntefere [ e -
convent i onal Pﬁ@f’?‘fg E}IHPPH&?%S%@PS&{%‘?‘%%&%@@PQE ogrle}?%c}x)? Etﬁe surface
of the bear icagisedriessontadti ofghenshaftawitinthe hearinge bearing: adhesi vel y
bondi ng the el astoner onto the bearing; attaching the elastoner 10 by a

retention mechani smonto the bearing, such as by_  introducing gropves on

t he surface of the bearFhe effectivemess ofithe invesitier 1pcontrolbing nega s of
the el ast n&ﬂ?oﬁxﬁ%ht%‘f%hb%%@r mzc,m@a wtmgﬁmiess oitghg esul t of this

is that the astoner , sl ee i t i C rical in gshape, and
it is prefer @Sﬁnﬁﬁﬂomhwﬁé ib@si%ewavﬁ}# ‘X’?Féé% Yroiene nds'al|

Ipdi nts \émer.ﬁdri 118Ut & ks ﬁiﬁ& 1E§géﬁnmtryﬂmmichshefmarmgéwallnay . g

- | ongi t udi nal I,y .gnconpass, . t he 0 pendi ng
on the desi ré%‘ ‘g@?g@&st the gRRLE tﬁ‘f‘ﬁa‘%ﬁﬁélﬁéﬁ% g‘(}}f'n%yabsﬁgﬁl%e et ly of

t he bearlnghaﬁ{behbaghlmgmarmmmbe@mlmmub:edm emschtbgf thenghaft by

1 vetr atd”a U {Hah SheHiptkal? overrqr%lgg(%eé o on&@%‘t@?@ﬂe@ﬁei?m

|nver1t i on bor’mmtmgs wz]mlma pwingsonee self-aligamoentbebweendd® nent of the
preser nt inve | r t g 8 can be
et aroung}(ﬁmg? Thb Réfché&é dh@WER t‘ﬂﬁ\:kﬁ@gs d@geﬁd@% ﬁ&rlx{y bg 8

asto sleeve 4 1n ord 0 ea
bearing syst &M eamaj:gmaé, t&:ga astomer chosen or epaltzc

application.

15

| The compressive characteristics of the elastomer

sleeve must match the requirements of the bearing application
such that there is only limited radial movement in the elastomer
due to the static and dynamic loads from the rotor. This can be

20 controlled by the elastomer’s compressive properties and the wall
thickness of the elastomer sleeve. For example, a motor might
have a‘m allowable rotor to housing clearance of 0.008 inches. An
elastomer with a compressive deflection of 5% under the specific
rotor loading would deflect 0.005 inches at a wall thickness of

25 0.10 inches. Ifthis same system included an elastomer sleeve at
a wall thickness of 0.300 inches the total deflection would be
0.015 inches, allowing the rotor to contact the housing. The
elastomer sleeve surrounding the bearing may have a wall
tﬁickness of at least about 1 mm, preferably about 2 mm, and yet

30 10 mm or less, preferably 6 mm or less, and more preferably 4
‘mm or less, depending on the required dampening desired for the
application; '

S

Since friction against the elastomer is undesirable,
35 the design of the bearing/elastomer system depends on the axial
loading borne by the bearing. Figures 3A and 3B illustrate a
flanged polymeric bearing 10 connectedly surrounded by an
6



fl anged- bearing 10, into the housing of the nmotor. 30 The besay jgoated in
this inventi on may be prepaked froma high perfornmance-polymer.” A suitable
pol ymer wi | I g&{ﬁar acterized by a |low coefficient of frictipefmuseiiohd

di nensj onal staf) Ity and durability such that it is able to w thstand

wi thout substantial abrasion the wear it is subjected to as the rotor

shaft 35 tur NS, t %{!ﬁ&ai&] Vj ability
of this magni tué{e |st€%-loé]'gé{@gie Pﬁq;hg%ha pgirl otﬁﬂr% ushl la'%g lééx No. 1
R ng and Bl ocksmamﬁnwablechqmpat@gtae?a Hearmpan Dol WASIEY: 55607

PCTI USOl | 02761 equi pnent is, described-in ASTM Test net hod D2714. The test

is performed on a sanpl of t he on n the fprmof ,a bl ock. - War
speci mens are prepared b ? tcgfg’tn 16%]1(@“(‘& SR A 5 351m

(0.25") wide C@fﬁr@@boﬁdiﬂ@@?hmdtﬁcad ceasfitte sleelveuhaan interferdmeeTs to the

nf ot at 35
creurteronce: Gl Ll BRSO M oSS o
mai nt ai ned ovema]ad.lxn:garwerlmrlding the wedaistongenbnge theisyimifacg of leedry bl ock
I's mounted ag b@:?] mtgggjilrés%t%ﬁﬂlﬂgt thR! Aastéfer %Pgt | 0 éﬂﬁ - Sa dRadedpgai nst

the block with cte pres ure. velom yof t'he ring
is set at the @@dm&ahg gdastomer pgke it arhearings &t Wé‘:'e?h‘%ﬁ

SUEf?CSS e b I ?ﬂrét%alrﬁﬁ% ]jﬁ&é’éhéﬁmi onfts tﬁ%4l§é’anﬁg18u&3@tshﬂ' e 15 [I ng } s
rotated agal ns ock for a i 0 urs, an e ction force
i s recorded comﬁrﬁaHﬁéqglgT%Y%%oﬁ%\% are lﬁ’lfgg‘fecméacﬁngtlﬂé %@@%nt of
friction. At theserbed ebtédondingersef thdelddtonker;sandicthesrraved]ablei ghed,

T O R e S P B8 e o

1/ materi al densleeye 16gtsaif typicallweylindrical an s(hafge,, aniialfe1§p1 ar
mul tiplicajq ongy I0ey U B8 turfiforin AR dilz6 Wil sﬁﬁblérﬁi:raﬂ%cﬁnf@%ﬁ{éﬁ' 1t

surrounds the bearing.

1

The elastomer sleeve may longitudinally encompass
the bearing entirely or only partially, depending on the desired
20 level of dampening and noise reduction. The assembly of the
bearing into the elastomer sleeve can be performed by hand or by
_ automated equipment for high volume applications. Figures 2A
and 2B illustrate a bearing 2 with the overmolded elastomer 4 of
the present invention bonded onto a metal retainer 8. In another
25 embodiment of the present invention, illustrated by Figures 4A '
and 4B, a metal ring 8 can be placed around the elastomer sleeve
4 in order to ease assembly of a bearing system 6, containing a -
flanged bearing 10, into the housing of the motor.

R

30 " The bearing used in this invention may be prepared
from a high performance polymer. A suitable polymer will be
 characterized by a low coefficient of friction, and a dimensional
stability and durability such that it is able to withstand without
substantial abrasion the wear it is subjected to as the rotor shaft
35 turns. One typical method of quantitatively indicating durability
of this magnitude is by a wear test that is performed using a
Falex No. 1 Ring and Block Wear and Friction Tester.- The
7



fromwhich the bearing may be constructed is inversely 25 pr%g)\?w
the anobunt of wear it experiences, and to the coefficient o ctlon |t

exhi bits, under conditions of service. The conditions may be descri bed by
a quantity known as PV, which is the pressure that is exerted by the

abradi ng device (the rotor shaft) on the bearing nultiplied l;%gy{hﬂﬁ 6Ilom ty
at whi ch t WO 0B856br adi ng devi ce noves. PV val ues are pgeporte anis

(Psift-lb/min). Friction is the resistance to rel ative motion of two

bodi es in contact caused by i ual i tj n the surf of respectlve
material S froPRMHIBRDERS dSdeTIOecAncASIN JI‘%fen%fﬁ%Oé ﬁgfﬁ "ﬁ

required to riﬁﬂo@h{b@oﬁrﬁ Eml&&if%dyolgrﬁnéﬂmhhé)foﬁﬁl of hlblbekerence to

the other to Glf 1,%]?‘? egg%(ﬁ%lggrar %ﬁ) ure! -bet en%ﬂ%k%%oyﬁ%gg's t he .

coefficient o
01/ 55607 PCT/ ymgamsm Z5% wide ventdatcnnfhice rwnthea baavatiye suclmdbatn this

t b f
1 exper i choot SRR L PhE CirentutdrnlBUE o Botiiihy wHetal Mackipp Ry Of weal
subj ect ed Whl havmgtaasélaa'geheld@ﬁ/ doxmr( b%%r)laiy} a wydimef Bﬂﬂwdg 34")can
wit hstand whi g, B3t %5%3 ArfPLAR! B MR inedOGvaY dbSiecsaE iritel ent of

friction of frlctlon |t ex ts at a PV value representative of that to
which it is st&f}téd&ed while in use as a dry notor bearing. A |ow wear
val ue and coefficient of friction 10 are preferred at a selected PV vaI ue,

SU tabl e Kbl yrer ey haviter eighyss s GF BlOCK 15 peHi R fep A ).
B8/ hr to abouptadiNgifietal fﬂﬂi@ lalndath@rﬂg iSlomladagamsistre bidokewath t he
benr| o sotbaiselectad Rt PTRRs - MRl ibsE. %‘%’PPRES ‘%“é" fuffidefty oF o
| east, about a@the, desidedapeadouNoltbmeanbisnsed mtlogz or :
pess. more  PLEIAIAR Y THROMnSis'SAE 4628%te8l, e 5¥- a@,' etqz RMESSeMi i ve of
15 ring is rotated against the block for a period of 24 hours, and the
friction force is recorded continuously, which allows calculation of
the coefficient of friction. At the end of the test time, the block is
dismounted, weighed, and the extent of wear caused by the
abrasion of the ring against the block is calculated as foliows:
20 wear volume (cm%hr) = weight loss (g) * 1/material density
'(g/cmf") "% 1/test duration (hr), where * indicates multiplication.

The usefulness of a particular polymer as a material
S from which the bearing may be constructed is inversely
h 25 proportional to the amount of wear it experiences, and to the
coefficient of friction it exhibits, under conditions of service. The
conditions may be des_cribéd by a quantity known as PV, which is
the pressure that is exerted by the abrading device (the rotor
shaft) on the bearing multiplied by the velocity at which the
30 abrading device moves. PV values are reported in MPaem/s
(Psieft-Ib/min). Friction is the resistance to relative motion of
two bodies in contact caused by inequalities in the surfaces of the -
respective materials from which the bodies are made. The ratio
of (i) the force required to maintain a uniform velocity of one body
35 with reference to the other to (ii) the perpendicular pressure
between the surfaces is the coefficient of friction, whiqh is a
unitless value.



20 conditions to which the polynmer is subjected while serving Qomplry
notor bearing. A PV value typically representative of the” con rons to

whi ch t he pol i s_subjected while serving as a dry notor
i ‘goﬁi"é%@'bre in the range of about 0.05 to about 8’%3?%%/2% rmre

derived from
usual | y about
about 10 m's
under those

0.1 to about 25 0.15 MPa), and a velocity of about 0.2 to
(nore usual Iy about 0.4 to about 1.25 mlg), thus giving a PV.
ci rcumst ances of about 0.01 to about 2.5 MPanis (nore usually

about 0.04 to about 0.2 MPheiplyndd: ﬂsomwhn:@ﬂwbaamngusm.?eia nvehis on may

have a wal |

hi ck .
preferably abgui C@r}bﬁgvggggtb%ﬁ%@ae@? SI‘QBQI X@a%u@t(‘PE rt?l eMe Féé and

pol'ymers t hat
I ncl ude, but
acetal s, pon
01/'55607 PCT/
f I uor opol yner
other bearin
their excelle
~materials. Th
nanufactureﬂg
preferred d
coefficient o
application,
present inve
S|I|cate a fi
suchas graphi
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Bﬁwmly' m@mmm@s aetsaaj\t’)yaiuagepneswam%@ﬁ atﬂ;@nt i on
d

et ﬁ’qlrle her et oﬁ&té& @5“ ?gr?gket %@SGGthy%ﬁeh@ e;SI\D_
usEV v 1fp@aq/é'f1hb Yg 2668 ear
S, or {Wiﬁ&} béctfichaityst ﬁ%ﬁunfdfcf@ﬁ:ndapiwklﬁwt@ae asBVf valke and

mat éri al,s, co use
%t r%%lrﬁseln&?ﬂv@wp%ﬁ'g’ﬂ?}?é i E\d etcﬁ‘égﬁ%hﬁ}égﬁs%sesg%& ymeric
e ﬂ@&fnmaiebéamngMA:lDW@mm} (rabuepandsco
byar?lpgeg gﬁoapcta IEMT:EBLPV pre?'f['ﬁ laTVWeﬂh@%a” y

chara eris I'cs and ‘extrenely | ow
f plueferaed aequascem stegree of weaependi ng on the desired
the high performance poI ymer from whi ch a bearing of the
ntion is mde may ontain additives such,as.a sheet

iller such ad §1‘FJ§§ %PO ey ve aveay ¥alae 14he,pr i cant
| t @angkldfebibuti® kyl0-emialfhwteabbut one 1007 mm¥hr at a PV

value representative of the conditions to which the polymer.is
subjected while serving as a dry motor bearing. A suitable
polymer may also have a coefficient of friction of at least-about
0.05, and vet about 0.3 or less, preferably about 0.2 or less, more
preferably about 0.15 or less, at a PV value representative of the
conditions to which the polymer is subjected while serving as a
dry motor bearing. A PV value typically representative of the
conditions to which the polymer is subjected while serving as a
dry motor bearing may be derived from a pressure in the range of
about 0.05 to about 0.25 MPa (more usually about 0.1 to about
0.15 MPa), and a velocity of about 0.2 to about 10 m/s (more
usually about 0.4 to about 1.25 m/s), thus giving a PV under those
circumstances of about 0.01 to about 2.5 MPaem/s (more usually
about 0.04 to about 0.2 MPaem/s). '

A bearing for use in this invention may have a wall
thickness of at least about 1 mm, and yet about 4 or less, and
preferably about 2 or less, mm.

Specific examples of high performance polymers that
may be used for as a bearing in the present invention include, but
are not limited to, polyimides, polyamides, polyamideimides,
acetals, polyetheretherketones, polyetherketoneketones,

9



MbS2; or other additives conventionally included in conposi t%'go%zd@de from
these polynmeric materials and generally known to those skillTedin the art.
When an internal |ubricant is conpounded before nolding with a pol yner
fromwhich a bearing 20 is made, this use of a lubricant is to be

di stingui shed fromthe use of an external |ubricant on the surfa a{

whi ch the ™o orss#aft contacts the bearing. In the beari ngrgﬂ% Yhlinis
invention, the bearing is run dry, wthout the application of any external
| ubricant to the surface at_which the rotor shaft contacts the 25 bearing.
The ability gfdlpetldrintidess lignidceystalnalymerss fieropoly@erent of danpeni ng

effect is ‘Q?Qﬂ{&{déﬂcérgﬂﬁﬁ 154s0Yf 888, d;&él@qﬁﬁ riyden8fsulfidles! aadosfierf rom whi ch
the sl eeve i g nade. ndelta is 30, det &im ned %d@(ﬂmc.geas regents, i n
whi ch a sanplhearinggnafera CQIBD&O%W%@@&@%_ t FONYYRIEPHLRE P strain,
and both t hghliaskiellant selfdobnicatiagoperties, aramthe mrederstder mined in
Fesponse P iy N Shakeialt; cats SolFpiqEol R Telpe o HatEe Ty o,
and this phasend abapesrameineajufasturet byck. IndafondhdeNemouns andi o of the
elrastic to vi ' | . hialth itS sp9Rer wehlpe sanpl e.
| gSCi'I'In?JtSrC])i/ 82%5*@3 %ﬁﬁ%ﬁq%ﬁﬁﬁﬁ géﬂé\or%t}’@aﬁlwéts%f d d
: , econpose
into the in-%@ﬂ@bﬁﬁ,éﬁw&ees out - of - phase conponents, the in-phase
representing the el astic response and the 90 degrees out-of-phase the
vi scous ri¥sponse. Fromthe in-phase information, the 5 storage nmodul us

(G,E) is determ ned. Depestdingon thedesiredsapplication; éhethighsanpl e' s

2151 LSRG i Ml WS o o e
det er m ned. Tirerdndsen ieauade may alsereentan 53 Eﬁﬁﬁll&hsasa%iﬂ%qe;t to
di ssi pate eneggate; HANeRRA gladdér bapbom¥ibiysah dntbmatt or age modul us
is called tan delta, an . .q-
lubricant such as graphite, silicon, poly(tetrafiuoroethylene) or
MoS9; or other additives conventionally included in compositions
made from these polymeric materials and generally known to
those skilled in the art. When an internal lubricant is |
compounded before molding with a polymer from which a bearin
20 is made, this use of a lubricant is to be distinguished from the use
‘ of an external lubricant on the surface at which the rotor shaft
contacts the bearing. In the bearing system of this invention, the
beafing is run dry, without the application of any external
-~ lubricant to the surface at which the rotor shaft contacts the

- 25 Dbearing.

The ability of ‘the elastomer sleeve to provide a useful
extent of dampening effect is generally indicated by the tan delta
of the elastomer from which the sleeve is made. Tan delta is

30 determined by dynamic measurements, in which a sample is

" subjected to a periodic deformation of stress or strain, and both
the elastic and viscous response of a sample are determined in -
one experiment. The applied periodic deformation causes a
periodic response in the sample. This response may lag or lead
35 the deformation, and this phase lag (fan delta) is a direct
measurement of the ratio of the elastic to viscous contribution to
the overall response in the sample. Using the phase lag and the
10



represents the danping properties of the sarrpl e. The test. dC} y run
by clanpi-ng a sarrpl e into a dynam c nechanical analyzer, su’bj ecting it
to an oscil | at womsSegdef or mat-i on whil e bei ng heated or cooI ed aPCHUS®/02761

controlled rate. The resonant frequency of the sanple and nechanical clanp
assenbly is continuously nonitored as.a function of tenmperature. As the

vi scoel asti ¢ respnagaitafdd bEtherespaise; th&gﬂgna\leansbmﬂecbmpmdtmte teege,

the el ect | |
of or mac s on*al sq IEPHaEEAUSS kB L8] Bplch Mh AR COPREAM YR, iRloRRgD! ©
anal ysi s routi ne@eﬁresmfeag the alastigirgsponske ambmhaﬁq degrdascguf-ofphase
vi scoel asti c | 0SgheGliabaes 86 (}fdﬂé‘es ‘Fro%n%h%%ﬂﬁﬁa%é 1ﬁf$1‘iﬁﬁf:109ﬁ tfle

tenperature or tine. aratio, uni tless ue,

The tenperatufe ﬁ&%@eom&w&k? ’tﬁzu 1%%8%?&411?%& e'i‘B@c‘-’tté‘Hag% %@&P Fris ﬁes
blet wteen abogt - 4Q§eé9u19é9@ﬂh s&Q@ﬂe s dbﬂ@t},dt@gt%re éﬁ@rgy)&hldtn& éa%ll@:d tﬁfadt he

el ast oner or ex or ed in ut omo power
tool 30 appli caﬂ?ﬁ%1 E%?%‘gﬁ? g@%ﬁbﬁ;ﬁﬁ%‘ig@fe%e ¢ h;ds Fp%tmn
frequency spect r dhedbss podulis;, calih bef mmmm ls‘IB:aS smmd’aih@r
shaft speed and dynaglcsy W03ty SIBIICS AR A AHBHALE oldldy WiPLLaLhe 500
. to 6000 rpmrangé vma]?}h%%r equencresTint &ange 0 ou I}L .

The el ast omedc péithedoss medmiys tonth %ét@ﬂaﬁtmdwllé&ﬂélaakMdeltml &nd

i nvention is nadg Q@geﬁﬁv&eadé i fordrtals oflih 28 1. 2004 WO 01/ 55607
1 PCT/US01/ 02761 Peast about 2 %Ipéeflﬁrablsyoat e%]éitﬂ about 0.05, and

nore preferably at |east about 0. 08 and yet about 0.15 or-|ess,
preferably about 0.12 or I&&%t@tds@p@ceﬂﬂﬁﬁﬁ&ﬁb&ﬂ@ﬁ@lhg% éaﬁipl'eeﬁﬂzod\

hi gheﬂ tan delta dﬁr%{aunem\:’m I dchRQELC Englsgzre%ata%rd su ]ecgmgglt to an oscillatory
' 15 deformation while being heated or cooled at some controlled rate.
The resonant frequency of the sample and mechanical clamp
- assembly is continuously monitored as a function of temperature
As the viscoelastic response of the material changes over some:
temperature range, the electrical energy required to maintain a
'~ 20 constant level of sample deformation also changes and is
continuously monitored.. Quantitative analysis routines are used
to calculate the modulus (stiffness) and viscoelastic loss
characteristics of a specimen as a function of temperature or
time. As tan delta is a ratio, it is a unitless value.
25
The temperature range over which the product is
expected to perform lies between about -40°C to about 200°C,
depending on the working limit of the elastomer. For example, a
motor typically used in most automotive and power tool
30 applications operates in the range of -20°C to 140°C within a
frequency spectrum of up to 20,000 Hz. The frequency is based
" on motor shaft speed and dynamics. Most small electrical motors
fall within the 500 to 6000 rpm range with frequencies in the
range of about 10 to 100 Hz.
35 |
The elastomeric polymer, from which the elastomer
sleeve used in this invention is made, may have a tan delta of at
11



5 effect on the system and as notor speed increases, the el from
whi ch the bearings in that notor is nmade should thus have an increased tan
delta as well. The tan delta figures stated above are typically determ ned
in a tenperature range of about 20'-30C, preferably at about 23C. 10 The
el astoneric polymer, fromwhich the elastonmer sleeve used in this -

i nventi on iwomgeEsse7 ey al so be characterized by ShorexA harRGEESIESSre A
hardness is determned with a durometer, which neasures the resistance of
a sanple toward 15 indentation. If the indenter foot conpletely penetrates
the sanple, leastabout 002 prefetstdyraddleashabout{b0pensd mdren occurs, a

di “of 10 | | cal ' t ASTM D- 2240
or 150 808, afieERenig at10ast BBt b O8PLAR yot RGN Ot ksl T A Ve
Shore A har dnprefeymbly rsub@aalg/t&éll&mﬁlegas apd rpms*mr&fﬁlsakgy Eﬁ_éﬁ!stto-&b%t 35, and
”Br et pggf er alblé’ss‘?‘t A ﬁ@éﬁe@@@ﬁﬁﬁlﬂz@v#ﬁé‘ v%ﬁﬂ}t)ﬁ%&k%e aljéi‘éa%r hﬂ%&ﬁﬁaeﬂ{rﬁ erably
abou or less,.and, nor refera ou .or_less. e.el astoneric
pol yners f¥ ome%%FEH @%’é&@%ﬁaﬁngés’ é@%ﬁﬁégefa pgreay éﬁ?i"t}ﬂs Weflde, but
are not |intébrmhowhidlethebearmgs ibtvhadiromrissapdel dsealdetisys &tayeeni ¢

| ast ;th ' i | :
pol y( et her esEIARRESd Hin AATA RIS, [ TIRCEAN BERL BRRIRARA
such as Nordeabpyerar@tims:aﬂﬁciﬁtenmmgdp@r@ﬁemﬁ@(tn;reganfggqu@b@;t Viton(r)
pol ymers; a”d29%°@§#f§ﬂ%t§3d%$%ﬁﬁ'€9§@0- rubbers -and el astoners known to

those skilled 1 n the the foregoing are commercially avail able
fromE. 130du Pont de Nenmpburs and Conpany or DuPont Dow El astomers LLC). 35 -

Any of the high perfor migechiityiRirsc polimlerefioar whith tie ebkdtogner bearing
in this inventjon may be Lred wit.h any 12 29 Ju 004 WO 01/.55607
PCT/ UéOl / 0276§ieeve ugec? i This fvenhtion 18 ma e, may allé{o ] c%aracger;ze
by Shore A hardness. Shore A hardness is determined with a
durometer, which measures the resistance of a sample toward
15 indentation. If the indenter foot completely penetrates the
sample; a reading of 0 is obtained, and if no penetration occurs, a.
reading of 100 results. The test is typically run according to
ASTM D-2240 or ISO 868, and the reading is dimensionless. The
elastomer may have a Shore A hardness of at least about 30,
20 preferably at least about 35, and more preferably at least about
40, apdﬁyet about 100 or less, preferably about 90 or less, and
more preferably about 70 or less. :

Y ' - The elastomeric polymers from which a sleeve may be
o 25 made in this invention include, but are not limited to, olefinic
(e.g. butadiene-base) elastomers; styrenic elastomers;
thermoplastic elastomers; cross-linked-elastomers;
poly(ether/ester) elastomers; nitrile rubbers; silicone rubbers;
EPDM, such as Nordel® rubbers; heoprene rubbers: Vamac®
30 polymers; Viton® polymers; and other natural and synthetic
rubbers and elastomers known to those skilled in the art (many of
the foregoing are commercially available from E. I. du Pont
de Nemours and Company or DuPont Dow Elastomers LLC).

35 | Any of the high performance polymers suitable for
use in making a bearing in this invention may be paired with any

i2
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of the el astoners suitable forwmaking a sleeve to formthe..,29J 004
beari ng/ el ast oner sl eeve systemof this invention. In a particu lf‘é?

enbodi nent, a BEXW$HPTsystemfor a 5 rotating shaft having a cEBRTAISPI/PRI6L
may involve (a) a bearing having a cylindri caI space in which the shaft
rotates, the cylindrical space hayi a, centerline, the bearing being
prepared from a pdltpecelaghomess su e\fQFGBa glanS]teﬁé’ﬂtrf@nc@(l.mbi @bout

2x10-6 to about ZeipglElBifomebsliecle tehirbmﬁlsaln@ex‘?e{oﬁal ue in the range
of about 0.01 to about 2.5 MPanis; and (b) a sleeve having a uniform wall

thi ckness and a cylindrical space in which the bearing resides in an
interference fit, the sl davepaeticglar epsbedinhentn abedbiret agbisrarfohayi ng

a'tan delta valu at t .ermned at a tenperature
in the range of §8§%¥1%f0éﬁ€?% %%g%gﬁggemgg?gﬁbﬂg oef ation of the shaft
is not lubricated, and tak sbesving bavimpreesylindricay spaceinnvhoth the shaft

Quring which 20 the pfPibidisofhil 1@% al Sod% Bavfie bdie SE Ehb! °

of the bearing. In a d| men ear | ng syste or a
shaft having a center Ib&?é'llﬁﬁ emgaqr@pag P ARy Ry amm@aawcgl*uwadmcal

spa;:e :_n whi ch theb Shﬁﬁhﬂgﬁtﬁéﬁge ofh%ogﬁ:czmb%l'ab%m%{fh@ﬂbi‘ﬂﬁﬁlr when
~centerline, ear ein epakred,.fram .a avi

coefficient tlﬂf frict |‘iﬁ|}g E&agwlvé’ége\bﬁewedg?’é ?nolﬁé’(ﬁ’oa‘ttrtgog\ﬁQ/al ue
in the range of about.gbdilt 2.6 MRaskm2s; SaNBarrls and 30 (b) a sl eeve having
ool des I an fﬂ%éf?i?iﬁl‘% Blect A2 u%@?ﬁ% BRI RS e "0

el ast oner  having a t arcydisl callaﬂ;lma:eomw badte hearimgOraddesteramet er ni ned.

ot Jemerature | thaRasnal SEOOME oBlbvctohil BRAYAral ot el Lhe

rotatfon of the shaft s not
15 elastomer having a'tan delta value of at least about 0.02

when determined at a temperature in the range of about 20
to about 30°C;
wherein the rotation of the shaft is not lubrlcated and
the sleeve is compressible by movement of the shaft during which
20 the centerline of the shaft is parallel to the centerline of the
bearing.

In another embodiment, a bearing system for a rotating
shaft having a centerline may involve
25 (a) a bearing having a cylindrical space in which the
: shaft rotates, the cylindrical space having a centerline, the:
bearing being prepared from a polymer having a coefficient
of friction about 0.3 or less when determined at a PV value
in the range of about 0.01 to about 2.5 MPaem/s; and
30 (b) a sleeve having a uniform wall thickness and a
cylindrical space in which the bearing resides in an
interference fit, the sleeve being prepared from an
elastomer having a tan delta value of at least about 0.02
when determined at a temperature in the range of about 20 -
35 to about 30°C; | ‘
wherein the rotation of the shaft is not lubricated, and
the sleeve is compressible by movement of the shaft during which
13
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the sl eeve js conpressible by novenent of the shaft during v%?ng&l 29
July 2004 WO 01155607 PCT/USO /02761 the centerline of the shaft Is

parallel to the centerline of the bearing. The invention is nore fully
denonstrated by the 5 followi ng exanples, in which the third and fourth

tests are run according to this invention. In order to un e
noi se and WPWL/A%80bn phenonena created by rubbing at the bglg(??{r{gdlf*é?/dgl, an

10 instrumental bench was created. A small electrical notor's rotor was
repl aced by a Jeffcot  rotaqr.of .sim.lar opertjes ss._ 47 rans,

eccentri ci tytbep@néeﬂh!l%g&h&i%h%’gé%%g@&gﬁo&h& qe&ggrﬁ.ggrqq"nigge of 80 m). A
Bently Nevadgehenigh was nounted to enable nodification of the horizontal
and vertical positions of the 15 shaft. Data acquisition was controlled by

conputer software of the Bently Nevada bench system Movenent of the '
bearing was neasured Eheimwemiibn iseneve fullyweraonsteateddey thg, instal | ed

hor 200t 34|y cRGwRE dhhled, In WA RO ADAHE e fh YBbLARBRLN A N 0"

speed canera ] o 10 recor e novenent of the 20 bearing. The.
canmera was aliceordingtmthisanventaons00 pictures per second to clearly

vi-sual i ze performance. The noverment was also recorded with a conventional
5e Veapel (1) parts and onagiey s aplorstand Banmcaes REFOTEEAIRE conpany)
10,2 Ol ameated gl chothaning e e 1l
bet ween $01 ﬁﬁﬁ@d&“ggﬁgéi hﬁ?‘ﬁgs‘”@ﬂ&g@% ﬁr f%ﬁ&‘ﬂ? ?thhcéﬂéﬁgp @P%ggt@et at an
angl e of 30 4hayeepliscddiby Rodéffost sdtopardfidintilar préperties Guasshe "reverse
\é\?;a{%ﬂ | ;f T ﬁg&gﬁ%&s; ecnSh ARkt 1076 LiCaky HisMncePalwesR RS RS L hen
| bearings of 80 mm). A Bently Nevada bench was mounted to
enable modification of the horizontal and vertical positions of the
15 shaft. Data acquisition was controlled by computer software of
the Bently Nevada bench system. Movement of the bearing was
measured by proximity sensors, two at each bearing, installed
horizontally and vertically to record the orbits of displacement.
A high speed camera was installed to record the movement of the
20 bearing. The camera was able to record up to 40,500 pictures per
second fo clearly visualize performance. The movement was also
recoréied with a conventional camera with sound recording.

e A polyimide bearing (such as those produced as
7 25  Vespel® parts and shapes by E. I. du Pont de Nemours and
Company) having an outside diameter of 14 mm and length of
6 mm was installed into metal retainers, supporting a shaft
diameter of 10 mm. A running clearance between 0.1 mm and
0.2 mm was chosen for the-test. The shaft was set at an angle of
30 45° versus the horizontal position to facilitate the “reverse whirl”

'effect, (i.e., instability in the system). Shaft speed was then ,
gradually increased. : -

For the first test, a bearings was used with a running
35 clearance of 0.1 mm. The reverse whirl phenomenon
accompanied by a squealing noise appeared at 2,664 rpm. The
recorded reverse whirl speed was 4,803 rpm. '
i4



For the first test, a bearings-was used'’ with a running =35 g Spze of
0.1 mm The reverse whirl phenomenon _ acconpani ed by a squealﬁdg

appeared at 2YEBW/5PM The recorded reverse whirl speed was 8@.&8*!&@]614
29 July 2004 WO 01/55607 PCTI USO01/ 02761 A second test was perforned W|th a
running clearance of 0.1 mm The reverse whirl and noi se appeared at

2,756 rpm reverse whirl speed of 5,190 rpm 5 A thirdztest was perforned .
with a bearing having a rAmﬂcngdcﬂesampemform&tﬁwmtha;luunmng‘ed by a

el Q) pene <SIBEEAREl 3PN A THNeverd Whih Al At ABpfafd¥ Rl of 22

mm  The phenonehon eare speed of
6,380 rpm The r%§§@rﬁm1d§ﬂ$%¥ﬁmﬁ’}m’ﬂa$mfbﬁf§tl% &Pmthe Hytrel (r)
t hernopl asti g el astomer ring was approxinatel y 4% The fourth test used a

hi gher cl earance (normally av a negat i stabiljt of 0.2
mn The pol yinide 15 bearifd %&é%gﬁwm 0591 gblaenli‘n%a]émgslﬁ %%}g?‘l ng 22
mmin hdl a][Tet er . ruigine® Ml%ra&an\ohldﬂO ;tﬁfmm stuﬂdgmdeltbyra Hythel 356 . 6; 000
rpm therefore pr event ueal i noi.se_det ier
tests. The darrpe B%%g %% g?ﬁx@loq]ﬂghvglt e o‘ﬁ@& ﬁé%mcetat 8@5&81% be
approxi mat el y 1dl?he@iaé1;mennh ajnpeméa‘a%&?e'p@ndmthsweevmeewiuﬂhomed
. movenent of t | Wb DO el f.
It was det er#ne@%& ?{‘B df-%{n Orltlé Iﬁgéss\ﬁpéf'{% S| acté g%&%%&%gﬁ%;ihg was
the cause of  t Hehe BisteelDihenmaniagtisale s EHnER JIRE MeEs AEPEPEIMALS
danmpening effect of the elastonmer sleeve is indicated in the third and
fourth tests by the fact t%ﬁ he onse Ii irl did not 1?ccur_
until the notor had reachedB& trRyHer sapgééh?]hﬁ %rﬁnﬁﬁe(ﬂpmﬁ And-
secony tests. 30habing a negative effect on stability) of 0.2 mm. The polyimide
- 15 bearing was surrounded by a neoprene elastomer ring 22 mm in
diameter. The reverse whirl effect did not occur up to about
6,000 rpm, therefore preventing the squealing noise detectéd in
the earlier tests. The dampening characteristic of the elastomer
was calculated to be approximately 10%. Analysis of the camera
20 records nevertheless showed movement of the shaft from left to
right, but without rotation on itself. It was determined that
‘dampening of the shaft’'s impact on the bearing was the cause of
the reduction in the vibration and noise levels.

25 The dampening effect of the elastomer sleeve is
indicated in the third and fourth tests by the fact that the onset
of reverse whirl did not occur until the motor had reached a much
higher speed than in the first and second tests.

' 3() | - -Preferred embediments of the invention having been
thus described by way of example, it will be apparent to those
skilled in the art that modifications and adaptations may be
made without departing from the scope of the invention, as set
out in the appended claims.

35



- -Preferred enbodi nents of the invention having been thus gdeggrided by
way of exanple, it will be apparent to those skilled in the art’ that
modi fi cati ons and adaptations nmay be made without departing fromthe scope
of the invention, as set out in the appended clainms. 15 29 July 2004
CLAIM5 1. A bearing systemfor a rotating shaft having a centerline,
conprising: (a) a bearing having a cylindrical space in which the shaft
rotates, the cylindrical 5 space having a centerline, the bearing being
prepared froma polyner, and (b) a sleeve having a uniformwall thickness
and a cylindrical space in which the bearing resides, the sleeve being
prepared fromGaIMSast oner having a tan delta value of at |east 0.02 when
deternmined at a tenperature in the range of 20 to 30 degrees C, wherein the
rotation of the shaft is not |ubricated, and the sleeve is conpressible by
10 novenent ofl. t heA bépsihg sydigmi forp refatingshathleaving p centdriingecopfprising shaft is

parallel to the c [+ rd.ng.: . { y rdi ng
to Claim1 wherei ﬁﬁg&%gfgan@rg i%gmgﬁ?ogg?%i’%iagﬁ?u%%ﬁ% E)l(aaé%i %%%g].ngﬁ%? | ess
when det er nPnephcabavingRvenjerlinge the hearing baingmgeparsil fiom@ polymeRamd MPa nm's. 15 3. A

beari ng system ac L - i el rayvalue in
- the range of 2x_18@¥%k‘§‘§’53‘?‘%%%‘%gm%rﬁﬁ%}§?%9ﬁ1d gg%%g?&g@;%{?f @la%ﬁ% llll% t he
range of 0. 01 beasingreSides\thg slefve beipg preparal fam an ¢lagtomes havingaderdelia Mgue of aCl ai m 2
wherein the c faleo! fndned Sl ' : %%Ep aring system
according to g%%/toé)%é‘%o d‘% al nsgt%t?%ehaﬁn %lr%éeﬁ-é\ngfhgﬁ%?/?@g? e |é’s derived from
a pressure in the wherethe fotdiog 8f thesteft Rmotiubricated, aad theislsevetiycomprestibfe bange  of
0.2 25 10130 oiivemenfor it &ﬁﬁﬁluﬂ% WS GELACARE O &Y ﬂaﬁi%ﬁamd&, i EhhiRe | e
pol ymer is selecteg_ romthe roup consisting of polyi m des, polyam des,
pol yan dei ni defthebeagngl s, pol yet her et her ket-ones, pol yet her ket oneket ones,
pol yetherimdes, liquid chrystal polyners, 30 fluoropolyners, phenolics,
pol yet hersul fides, pol yphenyl sulfides, polyphenyl sulfones. 7. A bearing
syst em accor di2ng t4 beinag systemnireerding to Rlainy d| whersin the pelpings hat d soetlident of

friction 0.3 or less when determined at a PV value in the range of 0.01 to 2.5 MPa m/s.

15
3. A bearing system according to Claim 1 wherein the polymer has a wear value in the
range of 2x10°6 to 2x10"° mm®/hr when determined at a PV value in the range of 0.01 to 2.5
MPa m/s.

20 4. A bearing system according to Claim 2 wherein the coefficient of friction is 0.2 or

less.

5. A bearing system according to any one of Claims 2 to 4 wherein t:llc PV value is
derived from a pressure in the range of 0.05 to 0.25 MPa and a velocity in the range of 0.2
25 tolOm/fs.

6. A bearing system according to Claim 1 wherein the polymer is selected from the

group  conmsisting of polyimides, polyamides, polyamideimides, acetals,

polyetheretherketones, polyetherketoneketones, polyetherimides, liquid chrystal polymers,
30 fluoropolymers, phenolics, polyethersulfides, polyphenyi sulfides, polyphenyl sulfones.

7. A bearing system according to Claim 1 wherein the polymer is polyimide.

16



29 July 2004 8. A bearing systemaccording to Claim1l V\herei{g‘}u@? @zﬁstom&r
has a tan delta value of at least 0.08. 9. A bearing systemiac o? gto
Claiml wherein the elastomer has a Shore A 5 hardness val ue of at | east
30. 10. A bearing systemaccording to Claiml wherein the el astonmer sleeve
conprises a material selected fromthe group consisting of thernoplastic
el astoners, cross-linked elastoners, and natural and synthetic rubbers. 10
11. A beari-ng system according to Claiml wherein the el astonmer sleeve is
prepared fromone or nore of a neoprene rubber and a poly (ether/ester)

el astoner. 12. A bearing systemaccording to Claiml further conprising a
met al ring surd oundibeaging $y5temascasding todHam Iswhegajrethe ¢lastonger hascy fam deltayalne m
according to gf%ilé&,??_dwerei n the bearing is only partially enconpassed

| ongitudinally by the el astoner sleeve. 20 14. A fractional horsepower
notor conprising a bearing systemaccording to Claim1l. 17

9. A bearing system according to Claim | wherein the elastomer has a Shore A
5 hardness value of at feast 30.

10. A bearing system according to Claim 1 wherein the elastomer sleeve comprises a
material selected from the group consisting of thermoplastic elastomers, cross-linked
elastomers, and naturat and synthetic rubbers.

10
I11. A bearing system according to Claim 1 wherein the clastomer sleeve is prepared

from one or more of a neoprene rubber and a poly (ether/ester) elastomer.

12. A bearing system according to Claim 1 further comprising a metal ring surrounding

15 the elastomer sleeve.

13. A bearing system according to Claim 1 wherein the bearing is only partially
encompassed longitudinally by the elastomer sleeve.

20 14. A fractional horsepower motor comprising a bearing system according to Claim 1.
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