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system f or shaft is provided in ich a bearing pr

h?/gh perfor%og;g%é%l ymer is surrounded by an el astoner sleeve an{ %Pnpens
the effect of noise and vibration caused by novenent of the rotor shaft
agai nst the bearing. 29 July 2004 WO OXpR$o07 PCT/USA /02761 Title

Pol ymeric Bearing with El agfoner Thhsappl lcation claipgs the benefit of the
filing date of U S. Appli é2YEsTiGDear withdilastome anuary 31, 2000,
which is incorporated as a part hereof. 10 Field of the Invention This
invention relates to bearings. In particular, this invention relates to a
polyneric bearing systemfora rotating shaft, and a bearing surrounded by
a bonded € astoner sl eelhis application claims the benefit of the filing date

of U.S. Application No. 60/179,209, filed January 31, 2000, which
1s Incorporated as a part hereof.

10  Field of the Invention

This invention relates to bearings. In ﬁarticular, this
invention relates fo a polymeric bearing system for a rotating
shaft, and a bearing surrounded by a bonded elastomer sleeve,

i \ and fractional horsepower motors containing same.
15 -

Background of the Invention o n
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



and fractional horsepower notors containing sane. + 15 Backgr optnglipboddre

I nventi on Pol yneric bearings have been used for years in many applications
where the working conditions require oscillating, 20 reciprocating, or
continuous notion, such as small electrical notors. In a conventional.
notor, the w@@ysseraft extends through a housing fornmed fromdresdietsmit hat
cover each end of the rotor opening, and are secured go the stator. The
housing restrains the rotor shaft, and thus the rotor body, against
substanti al ayerkisténd Ifﬁ:@tmm&zthet atithe Heordtading shafs ov8e thulerdfs '
bearings in ich [:he shaft rotates.". The bearings maintain stability and
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I_’olymer-ic plane bearings working in dry motors are
known fo 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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or through the use of a ball bearing. 15 Pol yneric plane bearings working
in dry notors are known to produce nuch noise and vibrations that cause
wear of the bearings, a significant decrease of the notor'200ayacepnal
speed, and reduced notor life. 20 It is also known to press fit journal
bearings tightly to a bearing bracket. This type of bearing may require
machi ning  syteer, thermotprmlﬁ stiponigd dp en atlifiim, atdit Gls Sécgrfbdnd@at this dincr eases
t he nanufa ur|n £0st._ 0 %ftéﬂe not or . Althog gh a press fit journal 25
bearing wi | AP ADINAAdhe systene E@arhwﬂ@ Frapik debrisaomeystem saivbl y, due
"to the int t
perfor mnce@gglgﬁﬁgﬁﬁg{eg%g}tﬁ lft{‘i%r%gaks)lrl %g;;/@ ess@ﬂ(Ii]l Mg?abﬂﬂ?:éﬁé&gn%ntgﬁgse t he
fixed posi tdifarenf thah thab ebthedgy toes smjernad) Iw]mh ﬁlc)pree@munﬁhthhis dieeiedt i ons in
rotor shaft alignment. If the notor 30 is jarred or bunped during
operation, severe noise and vibration can result. Al so known are shaded
pol e type not or SAWBhEkuing N&UQ@& E¥istel Iféﬂazcﬁyfimslrwéaﬁh st@a%?a& 5019k the
i mpregnat ed powdered 35 netal bearings or  bal bearlngs hel d 1n place by
di e cast airablemuohreiseapd yitisetion thys o k&ﬁtgble?he@momypﬁstlmofdbar| ngs

ystom ¢ na etk TARATH Rokf sRty b Ak R Y PR os betn 1 ound

that this oil filmcauses instability of the system This hydrodynam c
| ubrication systemjis not _applicable to the present invention since the
nature of t NtBenonenon is different than that of the dry

mot or systemtom5gacemh@ §e%@5ndeﬂef&p{,909{ae §b94ﬂq%v§§t%@h1ér&°&a'rpggmgf need

has existed for earl n emt SO
noi se and vﬁhbﬁél@Y*BEatCﬁl}@ﬂ@Iel Qﬂmmg?l@ abI e continuous rotation of the

bear i ng, Increa%pgbsminfgma%@y Xhh&né’a'ﬂ arcelua Fhichithy sARGoRER! @RI Ng Nt or
as t he present invention provi des

life. he | ventlon e
a bearl ng s?éPg'ﬁ‘faaﬁPacﬁ F“()‘P&lalcﬁ’btqu’ﬁa F%ﬁﬁmﬁﬁ"&gﬁéﬁfré‘i‘ fipmc PEREE i si ng (a)

a bearing hading a cylindrical space in which the shaft rotates, the
(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



cylindrical space having a centerline, the bearing being prepared froma
polymer; and (b) a sleeve having a uniformwall thickness and a cylindrical
space in which the bearing resides, the sleeve being prepaz®dujpom an

el astoner having a tan delta value of at |east 0.02 when determ ned at a
tenperature in the range of 20 to 30 degrees C, wherein the rotation of
the shaft i=doaindiseunidcdtiraton efitte béw@inglspeud thereb CDETASSS nlthér Sibilgvenent of
the shaft durjn wgich the centerline of the shaft is parallel to the
centerline %F“Fﬁ@” i peelorgine BB ditfrent may provi de a conposite bearing
system where a polynmeric material wth good self-lubricating properties is
surrounded by an el astoner sl eeve having good danpeni ng characteristics,

t her eby enabl i ngThdleeariog pwdbérh intay cofnpeisy a beartrignanirer foteasd afassdmttlpef bear i ng
wi th reduce goise and vipr tion, thus reducing wear on the bearing and
ext endi ng t 18 PPRE sFFepBlohgusig f MG BAIENd  of the notor. One enbodi nent
may provide a fractional horsepower notor, conprising a rotor rotationally
di sposed in a stator, stator w ndings di sposed about the stator for

driving the rotor and a rotating shaft rotationally fixed to the rotor, and
a bearing system conprising a bearing connectedly surrounded by an

el astoner sleeve to 3 29 July 2004 reduce noise and vibration of the
beari ng systemthereby increasing notor stability and reliability and

prol onging notor life. The bearing system nmay conprise a bearing retainer
for ease of assenbly of the bearing systeminto a housing of the notor. 3a
29 July 2004 WO 01/55607 PCTI US01102761 Brief Description of the Draw ngs
Figure 1A is a cross-sectional view, and Figure 1B is a side elevational
view, of a bearing systemaccording to the invention. 5 Figure 2Ais a
cross-sectional view, and Figure 2B is

3a



a side elevational view of a bearing systemaccording to thg yjpyeion
bonded onto a netal retainer. 10 Figure 3Ais a cross-sectional view, and
Figure 3Bis a side elevational view, of a flanged bearing surrounded by -
an el-astoner sleeve according to the invention. Figure 4Ais a :

cross-sect iRy, and Figure 4B is 15 a side el evationai,cy,bﬁw,m%l a
fl anged bearing surrounded by an el astonmer sl eeve accopding to the

i nvention bonded onto a metal retainer. 20 invention. Figure 5 is a side

el evation of Rt PDEsEABEIH SR RIA{dL£d Description of the- Invention
In order to understan € nol iﬁ' and Vi brati.on iS_phenorrena probl ens to-
whi ch the present inventi@Are 4715 acress-secHenghanewe aad EigingudBist i ed

experi ment al | ¥ 3¢ edevatibhaleidwabf AUl rineSydexa] Qe&ﬁ&iﬁgttoad#]eowed the
1 ONn.

simul ati on of thrﬁgi nstability inducing noirsé and vibrat en a
techni cal sol'tf5Y°Po the instability was proposed. 30 It was found that
the noi seSnd vibration problens of the prior art are in fact linked to

one anot her due to a Qn: cal " Lrl" .y &he rexgrse whirl
phenonenon occurs V\henp?ggl?g?_agolrﬁgé# 8?%3%&(@?&%28{\9%‘& \%élé]hﬁfg}ge?)gﬁs]&rface of
the rotating aiade elevrtineabaigwngl admpringsyisbem adwrdsngdottirgent i al

force on the jf&itioRbERldd8ntd Bohle®aPrefAhes. IS approxi matel y
proportional to the radial conponent of the contact 4 \1- --- 29 July 2004

WO 01/ 55607 PCT/ 4JS0O1/ 02761 force, preconditions for instability are
created. ffhe tangenti al Figore8A hdseessesebiibhal¥iew! had RiEfdsBher a

| arger centrifugal .forgce op._the rpt whieh in turn i ndyc a | arger
radig.al cont act Sga%reé%"%ﬁanﬁg?{bee“’ aofﬁ%@g&ﬁ%@%&Wﬁwa?ﬁ%ﬁa 19 or ce.
Thi s phenonenelastemmsseeune axcordiag tethe inventiond _

| Figure 4A is a cross-sectional view, 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
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conbi ned wi t-h a given inbalance or an external disturbance. ﬁg £e is

linked to t i ons created by the reverse whirl of th

shaft,, crea’?@%i g“?t’tthe shaft rolls on itself in the 10 oppog)cﬁ. Sﬁ*’b’&g’tlon

beari ng/ shaft ti et ween. them The
forleS %‘[iioﬁé ?tgcﬁ?&%?ﬁ!h@' P%Q%regéed: ’gge ADEEptial y

of the rotation. Noi se and vibration result directly fromthe
system't hen becong; unsta ecause o € nol

cal | ed squeal iongecindugeswhirlingsmeitipm ﬁmdnﬁngher(mhlfgargzealtmfalgmb [ eads
to a fast 15 fgrde & th@ﬁ‘o@@@rw)vﬂgc}{)i’tlﬂtﬁ?h inﬁhﬁ:eecﬁ f&r%}%é’dlgﬁ ahhofed s not

caused by res?nance f. the tor co S,

hypot hesi zed. tl%ﬁ?rqelzt‘ e ¥, i 15'8 Wﬁ%&ﬂtﬁu@é i n afirst 20,
approach by < 2s, vvhere p. is the coefficient of friction at the
bearing/shaft interface i.s the er cent of .cri

t he bushi ng. According gg'lgﬁq% %WFQP % SR e‘ég]ls?%
stabi | i zed bycomdrivadiwith aegmenambaa]gmoefor anld)ateﬁhahdmlirbaﬁc@r by

decreasi ng | NTHeRH{CR L0 (hUE! MR LEATRESYY BB E0g ogilo oYstem

|ng of

was then devel Oﬁ wher e I'S e|
surrounded by 98k %IrQE@E#SrS}bﬂféeﬁ?@%t@ ﬁﬂeﬁhﬁaﬂaﬁﬂelqllmondtgelf tndhki ci ent

~of frictiom, appbbﬁebﬁ@émaﬁamhte lbdttaﬁofxﬁcwetset d RRb¥. Bnel%fsflﬂ?m ‘Qﬂ'eCh

the bearing ig.m t roduci n er enlng ef
danpeni ng si gﬁf“fq gg’nﬁ"énég‘@r%?srég ?ﬁ%‘g&t {; aﬁ?\& pracredtedhbzdbepy the
reverse whirl frietignrisstwigermbhleiB IT]helssrsﬁilﬁ t&teliﬁbéd:rﬂﬁeg whktadladed 35 by
an el ast oner t nti.-on bear, n stem6 as
i |l ustrated c?r?%gglglehbsfﬁ %ﬂel 12%851 ?@% ?/éarqﬂf 1Y AR cg1]l§ squeal. ﬁi}t‘% The
el astdner s| etnetabilitiess bighly energpconsuiningemnd mdso be2ds Jolayfa2804 O
01/ 55607 | RO/ t he noi se
and vi bratf?-(l;n Cau%@b@%%&gi@?ly(?@%t he Qﬁ%@é%ﬁ@ﬁ&a&g@ﬂf ggt
ef f ect i veness CBRSeH BY; ¥RAGRANGK oft FRALEF ICOMPORARLS, as was previous] y

. 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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5 and novenent of the rotor is related to the stiffness of t U@ mer
fromwhich the sleeve is made, which in turn depends on its hardness and
its geonetry around the bearing (wall thickness) at the operating
tenperature. The el astomer nust be hard enough to guarantee a mini num

di spl acenent of the shaft 10 (less than the air-gap in the %?U% od7ek Ot OF
support ed MPI¥E0%hearings) while all owing sone sel f -2l i gniteNt bet ween two
-.1 bearings. The hardness and wal | thickness depend inturn on the

material of the elastoper chesen h o The
conpressi ve ORGVHLTBHWIPEIGFE (% bé’ f%‘ﬂ’gﬁgﬁlém gl%rjg*ldrmt c%&oh

requi r ement scahsedd))beantarg: offiiie simftmutlshhhhelﬁm.nghere is only limted
radi al novenent in the elastoner due to the static and dynam c | oads from
the rotor. This can be 20 controlled by the el astoner's corERresswe

properties and the wal IThe efiectizeness of thedmynrdaen 18 copfeollmg ngisgpl e, a
mot or i ght a!}ﬁyﬁh@ébzﬁbh@\eﬂtth% FRbPlis E@Jdt@d%mﬂz@bﬁﬂm&;fbﬂ‘heo 008 i nches.

0
A et Serrcharyd et on o SUnder e Spectgyo rotor
| = this San%rﬁizt%tEﬁdﬁm‘éstjﬁd it gebastoyerosirek ke :hiearmgvédvlal]t hi ckness of
otor to conthitkbredia e GtEAintdxtodfanier s IS ERRFonty %31%*%’%‘5 bear i ng
may have a wddrd ehoughdmsgmaranteleemsmmmmum displacpmeindrefbthe shaft 2 nm
mmor 1 e38, R, @?%%%ﬁﬁ %@ﬁﬁi&‘ﬁ%&g&?ﬁ%%ﬁ%‘ﬁ&}@%@ gpe’cranly
appl i. gat :c O'[]h ’tﬁlamngs}/ ealloyingsompseli-akicoment betméégifﬁ%ﬂbl e, Sg t he
by the bear ﬁ’ebfﬁ?ﬁig T;Z‘%%a%yéﬁ&? ARk s, §eﬁa' 7 BRBEND ot g
10 connect ed|tpesma %ﬁe@(ﬁ% the particula
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
thickness 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



WO 01/ 55607 PCT/ US01/ 02761 el astomer sleeve 4. In this enbod ddtpe
beari ng/ el astonmer system 6.5 able to replace a radi al- bearl ng an

t hrust wash ol o.pearl ng is cylindrical, and it resides inpgTRISIIN2761

corr espondi ng cy I'ndrical space of the sleeve in an interference fit. This
may be acconpllshed by various conventional methods, including overnolding
t he el ast oner e PlEsS | ast oner
onto the bearl(%lg%%%%% Swé{’ég‘ bg%glhﬁ § Qjﬁ ag?gmer 8 htn%ngﬁgtég% %g
attachi ng the srstendpeis a_ldeti@%e £edy hypst geaghety, such

as by introducing grooves on the surface of the bearlng into which are

I nserted retention finge t he el as t her .gqvail abl e net hods
of “assenbly. The result @f‘eﬂfﬁ%rmglﬁﬁé{i’qméc%f ‘g’ﬁe‘?e& FREVE is itself .
typically cylieshrespbnting byhadrmd s;iaces)fpbtm‘ sleeed ih5an intetfbrerséeceve be

The of ast oner  SFoapBInAAY ghﬁ comfiiphon SN nbbe c%%%'%“%f’ﬂif}ﬁ%egﬁ?ﬁ%e| y or

only partiall yincﬂadhmgmwgr mﬁheleﬂwomﬂ‘ ondd the sdwfpemphbhend noi se

per T or med by RRRREA bg ?*ﬁ%?t*?@élﬁgﬁ‘ﬁ:f%?ﬁigg SR ot SRUAVER one.

Cn-q

Figures 2A anboxzémgt %@A%@Iﬁe’b@&mﬁ ripgi 1idt lb%ﬂf tomeser 4
of . the prﬁ’ﬁenb VRt h Mé&%ﬁﬁ@r@oﬂb&iea{ﬁhgl s8th &s by anot her 25

enbodi ment of { resent inventi Il lustr r and 4B, a
netal ring 8 CHFFTBQ“B%QHO‘&Y%HB% E?(S’ﬁl-f! Q‘}éﬂ"é ul& : A%Wbe? &0 ease

ﬁssenbl y of a hemrted reymtion(ﬁngelrnafthmglzestommgaﬂdt[ﬁhen reyaibablent o t he
ousi.ng of the or ri | d
rom i gh pertobds ol hesnER? A Fogihe oF ik s bRUE hedla ?ﬁcf er! zed
by a | ow coef f sldesetisatsdlf typiasdly eyﬂdn iga nﬁhapﬂ arsd Btblsi praf e

durabl | 1ty;suciubfitho legve Eglﬁlﬁ&ﬁ&hhhs‘ikérﬂ}d"shﬁﬁﬁtat AMRhaN walerdigasi on

t he wear | I s subj ecte as.the rotor shaft 35 turns. "One typical nethod
of quantitativenyrqueiebhe heagiR&hi 1ity of this magnitude is by a wear
test that is perforned using a .

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



Falex No. 1 Ring and Bl ock Wear and Friction Tester.- "The 292&%%]0/4 2004
WO 01/ 55607 PCTIUSQO | 02761 equi pnent i s described in ASTM Test

D2714. The test is perforned on a sanple of the polymer in the formof a-
bl ock. “Wear specinens are prepared by machining test blocks to provide a

6.35mm (0. 25") w de contact surface with a curvature such t%@#“&h@f forms
to the cirWOPYsE¥Eee of a rotating netal mating ring }aawn er of

35mm (1.38") and a width of 8. 74nm(0 34"). The bl ocks are oven dried and
mai nt ai ned over desiccant, unt g, e, dr bI ock
i s nount ed ag%ﬁﬁmmfﬁﬁé lsrdeﬁsﬁﬂlbﬁé %BE%M 'i;SSt ho\ggb%?,]% gt hek Sagai nst
the 'bl ock Wi tHerfoltth&EbACA 88nisistofithespoliyeneRdh ahedoan uﬁhdﬂotk of the ring
is set at t desired speed. No Iubr ant used, bet yee tég) )gg;‘%l% :
surfaces. The ?%SP%C@A%%B‘%%PB@W % %‘% 152 o8 %C he | gis
rot at ed agai nat6.85minl @):25T)omde pentaxt safrfade NUIhhsa, candatinze stfich ¢hadn force
I's record nt i ent of
friction. “At ﬁ;h ‘ﬁﬁﬁﬂ%ﬁ{q FlMQtC iezlls;l“'t e%%cgﬁfc%*%?ﬂg%e?éslﬁgﬁﬂf%ﬂ%l ghed
and the extenhawing\madlmaat@dof3§5m @b'i%@laﬂd@fwlldl@l Pfﬁg”a@éﬂr@ﬁ‘%ﬁe bl ock
i 5= cal cul at edpgg pf %(L;cm% 3\7@191 agl M ARG Ver-dusicatint homsl (0) *

1/ materi al denS|t test duration (hr), where * indicates
mul tiplicati o'ﬁBSt’Eﬂe useful ness of a particular polyner as a material from
whi ch the bearing may be constructed is inversely 25 proportional to the

anount of wear it experi,ences to,t efftclent of frlctl
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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.



respective materials fromwhich the bodies are made. The ratgg)J |)ﬁ§064!) t he
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to the other to (ii) the perpendicular pressure between the
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ess, nore  prefera ative o
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|s su ected I'l'e serving as a dry-
not or beari ng. pré&‘rwaﬂm axypcc%pﬂ Qérﬂ awe% of the conditions to
whi ch the polynmer is subjected mhlle serving as a dry notor bearing may be
derived froma pressure |erthe nge, of about 05 to about MPa (nore

usuaff)y about 0.1 to about* $8itab Pﬁbé')leréﬂayéi%‘éﬁ Bc‘V??rB'PT‘é%bBtZC .2 to
about 10 M's (MphAgeUTUMdut ZROLS eakhfler ebabibut 26 10 SmeusagaBVy a PV

under osey s yahe 5en erutnefe 4hee BinfRighe 1) (udnRy koA nvZ‘n? Ton may
have a wal | . 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
20 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
25 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). '

30 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
35 may be used for as a bearing in the present invention include, but
are not limited to, polyimides, polyamides, polyamideimides,
acetals, polyetheretherketones, polyetherketoneketones,
9



t hi ckness of at |east about 1 mm and yet about 4 or |ess, aig}d‘,urlﬁé(ﬁherabl y
about 2 or less, nm Specific exanples of high performnce pol ymers that
35 may be used for as a bearing in the present invention include, but are
not limted to, polyimdes, polyam des, polyam deim des, acetals,

pol yet her et her ket ones, pol yet her ket oneketones, 9 29 July 2004 WO 01/ 55607
PCT/ USO1/ OXWi®01/356%% et heri m des, |iquid crystal polynerg, fl LYSF&&%I%}S
phenol i cs, pol yethersuifides, polyphenylene sulfides, and other bearing
materials commonly used in the_ art. Paolyimdes, due to. their excellent

sel f - | ubri catpolyethemerdessliquid crystal ralaymers, Slypopedymersat erial s. The
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exp?nsi on pr q;ml@if bgé?lléﬁt %ﬁ&@rﬁ%@g@@@%sgdraﬁhbimﬁémd the high .
erformance pol.ymer .fro ¥ ear | i s made
ﬁay al so éqnﬁ?ﬂlﬁnﬁ%fﬁrﬁlgﬁ%ﬂ@&ch%ﬂe ﬁobﬂ%&ﬁe %r{f&ﬁ:lx @%@%nge? #)F']}(%E}agggh as
gl ass or car koud shapes are mnamifagtuse byoki Eadie Pm&aﬁwws_ta@}dsi l'i con,
pol y(tetrafl L@E’&E}A}ﬁ ?@?hrﬁé M??re?%n‘@d‘&ﬁe%@%é suerinveari onal Iy

Mpasi i1 0ons  nagde

~included in c0O on; m se polyneric terials and generally
known to thosearsaterishcsan @rmmefm&%weﬁﬁ?@m @ant is

conpounded bef e Mids. a pol ymer fromwhich a bearing 20 is made,
this use of aﬁﬁﬁaﬁf@s to be distinguished fromthe use of an external
| ubri cantl®on the surface at which the rotor shaft contacts the bearing. In

the hearing system of tBiependirgiinothe teeiredeappligation; thedugh wi t hout the
e e AN
provi de a usefnstention is made may also contain additives such as a sheet
' silicate: a filler such as glass or carbon fiber; an internal
15 lubricant such as graphite, silicon, poly(tetrafluoroethylene) 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
"7 25 bearing. : '

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
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def ormation of stress or strain, and both the elastic and vi scous response
of a sanple are determined in one experinent. The applied periodic
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st orage nodul us E é]?i ete'rFm' ng H@gy stor%’ge m)(%ul us Si S 1%6' nmeasur e of
a sanple's abili %?a?tac ?ﬁ Wherdy™a e U degre f’_HE'O &hage formation From
the 90 degrees omhedbsatnm&lﬂlm_‘ @ hdEocan bleedéhes'mlmdu! Ehd I8ss Modudas be
dissi pate ener gy o 2 RaSHERE o SBPTEREAY o WS Sodkty, FhbBation
is called tahOdelof4hedpgs m _%bQ reonpgepmagddnspsrcalled tin dedtaaapte.
The test is typi Gabk¥sdntd the &éﬁiﬁih@%ﬁ)p%ﬁ%seoffﬁéfémgléﬂam ¢ mechani cal

or

anal yzer, and subjecting it to an oscillatory 15 de tion while being
heat ed or cooled at sone controlled rate. The resonant fregquency of the

o oo echar ol <l Tl rialipntaripelosngd sta e«
cﬁang’és over | Sgp ngy Q%%P’ﬁ%&aéngﬁlnﬁég&%@ QP@&?I?j%ﬁ l%ﬁrté&apéﬁfﬂiﬁt"qyo
mai ntain a 205comsfarmatmrewhile beimg bedéédomatooted at soreéangtolledi rase.
CoTL 00 oS Syn PSS okl MRS,
a speci men as a assembiy 1gfcopdin Ry mopatored as a fgnctlon 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



time. As tan delta is aratio, it is a unitless value. 25 T ture
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bei’ﬂ:‘l n_?_?] in tﬁ&jz?rwhmh the I}Ed@mgmmdihahlmoﬁm‘ws maulei stooelabstitug h::véel ta as

we e tan_delt flve in a

_tenperature rgg?glémg?gé%glrﬁ?ﬁ%ﬁé%ﬁgprefer&ﬁ ?ﬂgﬁﬂgé%@l The

el astomeri c pabpremreftymically determined mﬁemmr@éuéelrmeu abowt

i nvention is %d%oo@? é%\ﬁl? %h%@t% engb@ed Dby Shore A hardness. Shore A
: :

hardness is déterm né uroneter, which neasures the resistance of
a sanple i®ward 15 indentation. If the |ndenter foot conpletely penetrates

the sanmple, a reading qhdeldstohictiopdlymed, fforavhiitethaklastoatanrs, a
readipg of 100 resulisa in 18l Sbehfoh R Sk nl 4P 2165 86 Ui alferized
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
’ 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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ASTM D- 2240 or .1 SO 868, and the.reading i s di nensionl ess. lh%&ldu ?&?Aprrer
may have -a Shore A hardness of at |east about 30, 20 prefera ) east
about 35, and M @USSFMf er abl y- at | east about 40, and yet about PCTR{50Hp2761
| ess, preferably about 90 or less, and nore preferably about 70 or |ess.
The el astoneric pal rs fromwhlch s| eeve,may be 25 made in this

i nvention incl udef %\ﬁeléﬁéolﬁ@i's SRk é@fpﬁ mgkang @ ale@év;@,o founnthene- base)

el astoners; styr diddrigERIA IR GE sldeRer siRiteas bf ¢hed ﬁ&&&&'ﬁbﬁz cross-|inked
el astonmers; poly(ether/ester) elastoners; nitrite rubbers; silicone

rubbers; EPDM such as Nordel (r) rubbers; neoprene rubbers_ Vamac(r) 30
pol yrers; Viton(r) pol ynﬁnsapamﬁcuﬂdnﬁemimdmméne,rwb%}mi siysterhfober s and

el ast onmers kn@wn ﬁ%e foregoing are
comercially vallltogﬁt gl%fsﬁg?#glé‘ﬁﬂglaﬁ' %’gﬁ?ﬁg‘é %%%é %I Conpany or DuPont
Dow El astomers LLC). 35 Aay aabeahmg\hgmlpgrafcylmndmabspﬁnean whidlabhe for
use in making a beari
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he “shaft rabaes. t HEEHTIARR A L) YALOR 4 P EARERCEANARE 0000 bear  ng
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2x10-6 to about 2x10-5 a t he range
of about 0.01 to about "‘;ﬁé%@;@ ﬂgﬂ%‘é% &@%aﬁgﬁr@%c#&eggtﬁﬂq Brm wal |

t hi ckness and a cyl i rydi theebearimgesides desan n an :

e e S ﬂa@%zé&% e e AL V110
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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par al | el

t
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470 grams, eccentricity 6.10" -6 m, and distance between the two
bearings of 80 mm). A Bently Nevada bench was mounted to
enable modification of the horizontal and vertical positions of the
shaft. Data acquisition was controlied 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
bearing. The camera was able to record up to 40,500 pictures per
second fo clearly visualize performance. The movement was also
recorded with a conventional camera with sound recording.

A polyimide bearing (such as those produced as

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, supportmg 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

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
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
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modi fi cation of the horizontal and vertical positions of the %ﬂ%hﬂ
acqui sition w0 U670 | ed by conputer software of the Bently %ench
system” Movenent of the bearing was neasured by proximty sensors, two at
each bearing, installed horizontally.and vertically to record the orbits
of displacenent. A high speed canera was installed to gecord the novenent .
of the 20 bearing. The cafmvesondstesbiveas perforoned wpithoa #0nB008pi ct ures per

second 10 cl earl ey Hal b I xﬁormg%vemg MR pWAS: ahPPartcl (o0

bearings of 80-mm). A Bently Nevada bench was nmounted to— _%@y
1

Wi th a conventi oh cafmera WI sound Tecor earing (such
as those producetl786 rms, verpesq Whiphspeedt 5 &by E. 1. du Pont de

Nenours and Gonpany) having an outside d| arreter of 14 nm and |l ength of 6
mmwas installed into mata% 3 il ners rt|n a,shaf alprreter of 10
nm A running clearance b fegt WSaPI 11?3&? %Ylntg:l@ t est.

The shaft was Seﬁux@nﬁg‘\c}@a@hﬁc@fofm16&nmr§mndxﬁﬁiéd)bymﬂyﬁﬁ1e 356N to
facilitate the "nrpeverse whirly'

ef f ect. i nstabl 4ty i.n.t st e
St Soed was HRIRROPIAR plastShist Hingtvith pn AR dhbshdifr R SEUFHT -
was used' wth dlherphempmeason sapesmesl at 20827mmmhravevslesam&uﬂ

Peeorbear A SCATREE B0 FoRA"OPhb t8e A0S ARRRRL EEh b Ar %%‘ésiﬁi%gg
PCTI US01/ 02761 AheEhraell shewmoniastisalastamey: rlﬁgﬂ#ﬁﬁﬁgl’(’%l@a#%\lﬂc Yof
0.1 nm The reverse whirl and noise appeared at 2,756 rpm reverse whirl

AP RA LR UL TPt A d Eee MR Al TR
el astomer ring %hhx@@a% itiee difforetonr siafhility)of 0. hemphdfiespobrinsideecar ed
gtamﬁenggf g t %a@,eﬁvgragfesurrb{ﬁlde% 5P 8 Se SrchSEadtBller 155 Mt

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.
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t he -Hyt reI (r) thernoplastic el astomer ring was approximatel yoAfhy Jre fourth
test used a higher clearance (normally having a negative effect on
stability) of 0.2 nm The polyimde 15 bearing was surrounded by a neoprene
el astoner ring 22 nmin dianmeter. The reverse whirl effect did not occur
up to about 6,000 rpm therefore preventing the squealing noise detected
in the earlier tests. The danpeni ng characteristic of the efastoner was
calcul ated to be approximately 10% Analysis of the canera 20 records
nevert hel ess showed novenent of the shaft fromleft to right, but w thout -
rotation on itself. It was determ ned that danpening of the shaft's inpact
on the beari nI¥dMS he cause of the reduction in the vibration and noise

| evel s. 25 The danpening effect of the elastoner sleeve is indicated in
the third and fourth tests by the fact that the onset of reverse whirl did
not occur untill th@sz)WShalcfowaaafeﬁmh@hmrblbacmeglh@rcogwéémthan in the

first and- second tion
havi ng been thus scrl Béga‘%@ 15&&&%%&% %Hi%{?tq{e@ﬁzf}f ﬁ%tagésa%ga lieﬂﬁ%{ o those
skill ed i n 6hepase havingatcentertine ﬁeh@anoznbeummem@dﬁmmamo}wmagd be nmade wi t hout
departing fromth

oraime 35 20 vul y5hAEe e iR Sl WleknlS 0S4 cpfihcd Wb ARAGRECC,
havi ng a cent éﬁmaeemd@oﬁlpﬁmerbgmg prepared fowmmi elestomey havipea tendeltadiaticeflat space

in which the §£ﬁf0t02mh§&e 5 % Sﬁq{réﬁ%en% ?ﬁ?ﬁgﬁﬁyev ca centerline,

the bearing being prepare roma yner e having a
uni form wal |t hi ckwein tntation of thnshaft éslot lnbuitated,iand tieislckvetineompirssble by

d t f | t
resides, thg %@éﬂ&bbﬁ%@m GRRRS H thOBnRRinE bARE QIR teﬂg &ﬁ:@mﬂ@ a

val ue of at  Ieast m ned at a tenper atlre e range of 20
to 30 degreescOhebgadngi n the rotation of the shaft is not Iubr| cated, and
the sleeve is conpressible by 10 novenent of the shaft during which the

centerline of the shaft is parallel to the centerline of the bearing.
A bearing system according to Claim 1 wherein the polymer has a coefficient 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.
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2. A bearing systemaccording to Claim1 wherein the pol yner
coefficient of friction 0.3 or |ess when determ ned at a P\?d\;‘g%ﬁgoql‘n t he
range of 0.01 to 2.5 MPa m's. 15 3. A bearing systemaccording to Caiml
wherein the polynmer has a wear value in the range of 2x10 to 2x10-5 m®B/ hr
when determned at a PV value in the range of 0.01 to 2.5 Ma nm's. 20 4. A
beari ng systemaccording to Claim2 wherein the coefficient of friction is
0.2 or less. 5. A bearing systemaccording to any one of Clains 2 to 4
wherein the PV value is derived froma pressure in the range of 0.05 to
0.25 MPa and a velocity in the range of 0.2 25 to 10 m's. 6. A bearing
syst em accor disag t .4 b&inag systempieeardingtot GClaimplovherain the clagterhes bascaiad ddmvalie  gr oup
consi sting of pahyiiygses., polyam des, polyam deim des, acetals,

pol yet her et her ket ones, pol yet her ket oneket ones, pol yetherim des, liquid
chrystal polyners, 30 fluoropolyners, phenolics, polyethersulfides,

pol yphenyl sulg i de ’bthFHy s k. i rding to
Claim1l vvherei9];1 th‘g po ﬁrfggtgﬁxs%%og%% %‘ng%m %GWI%Q%%y@%tgg%ﬁgg%@gggﬁng

syst em accofdibagnespvaipepf phlaastd®er ei n t he el astonmer has a tan delta val ue of
at least 0.08. 9. A bearing systemaccording to Claiml| wherein the

el astoner has a Shore A 5 hardness value of at |east 30. 10. A bearing
syst em accor dilflg t & bejriag gystempeeording te Glaing | adierginethe distomer sleqymspinprisss a
material sele f Sk TN HOOR RS el Bloyer s,
cross-1inked qlSe aglt %%%ﬁgﬁz%?urgﬁk%%ﬂg gy%%‘ﬂt??{: rubbge}ssfcc%@ll. A

beari ng syst erflasteeers.andapture agd sypthetic mbhersei n t he el ast oner sl eeve is
prepared fgpom one or nore of a neoprene rubber and a poly (ether/ester)

el astoner. 12. A bearing systemaccording to Claiml further conprising a

metal ring surldoundibeying spstanheccerdingte fisim 4| vhetein the glastgmaseleevenig proparedm
according to @oﬂidﬁh&m&esﬁ&oﬁéﬁrpﬁ@fanag%ﬁié}%/xstaﬁéxﬁoﬁl&.y enconpassed

| ongi tudinal |y by the el astoner sleeve. - A fractional horsepower
not or conprising a bearing systemaccording to Claim1l. 17

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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