11 May 2004 BEARI NG SYSTEM W TH FLEXI BLE BEARI NG BRACKET FI ELD OF THE

| NVENTI ON This invention relates to bearings. In particular, {higypog€ention
relates to a bearing systemand a flexible bearing bracket therefor.
BACKGROUND OF THE | NVENTI ON Smal | fractional horsepower "shaded pol e" type
notors are used in many applications, for exanple to provide air
circulation in refrigeration systens. As is well known, shaded pole

el ectric induction notors have a rotor conprising a rotor body bearing a
shaft in rotationally fixed relation to the body. The rotor body is

rotationally dispo i, £ i i i r assenbly
typically fornmed frgﬁ&%{;?@&‘ﬂf @ﬁﬂﬁ%&'%ﬁﬁgﬁém%ﬂ nati ons.
Electric field windings surrounding a portion of the stator nmagnetize the
stator lamnations to provide the required magnetic notive force for
driving the rotor. In an air circulation systeman inpeller is nounted on
the rotor shaft to drive the air flow. In a conventional shaded pol e notor
the rotor shaft extends througagﬁgiggihgg§¥£§£h_ﬂ5|ng brackets extending
over each end of the rotor op sually bolted, to the

e rotor bod ubst nt|a axi.al and

stator. The ho str |ns t 1 nst

ad " di opl acapIiarEph @S o beariedh laariclist P Siss T Fd 15 5 SR
mai nt ai n th aX| adi al, _ali men t of the rotor shaft. The bearings
t hus mai nﬂﬁ gtﬂflqufqﬂ/eé Ingﬁrwg ?ff the rotor while allow ng for
substantially free rotation of the rotor shaft. One exanple of such a

motor is 1 1 | NMAY 2004 described in United States Patent No. 5,287,030
i ssued February 15, 1994 tq "!A =- orated herein by
reference. Such fractional H5¢s i . icularly suitable for

Small fractional horsepower "shaded pole” type motars are used in many
applications, for example to provide air circulation in refrigeration systems. As is well
known, shaded pole electric induction motors have a rotor comprising a rotor body
bearing a shaft in rofationally fixed relation to the bedy. The rotor body is rotationally
disposed within an opening in a magnetic stator assembly typically formed from a stack
of aligned annular stator laminations. Electric field windings surrounding a portion of the
stator magnetize the stator laminations to provide the required magnetic motive force for
driving the rotor. In an air circulation system an impeller is mounted on the rotor shaft to
drive the air flow.

In a conventional shaded pole motor the rotor shaft extends through a housing
comprising brackets extending over each end of the rotor opening and secured, usually
bolted, to the stator. The housing restrains the rotor body against substantial axial and
radial displacement relative to the stator, and supports bearings which maintain the axial
and radial alignment of the rotor shaft. The bearings thus mainfain stability and alignment
of the rotor while allowing for substantially free rotation of the rotor shaft. One example of

such a motor is



applications in which the notor runs for extended intervals over a

prol onged 5 period, which my be many years. As such the quﬂgThgﬁgé
extrenely durable, highly resistant to failure and preferably tequires
littl e mai ntenance over its useful life. The conponents which tend to be
nost problematic in achieving these paraneters are the bearings, which are
subject to persistent frictional contact with the rotating shaft over the
life of the nuleseribed@n TnitediBrateaiPatent Dpef, 287,03 hismret Rebruahel 5,dvo4 teshaf t,
shaded pole type notors typically utilize spherical dianmeter, oi

i npregnated p ouhigl isdhcorperatedhgeeimby tederendsear i ngs hel d in place by die
cast alum num or zinc bearing brackets. These types of bearings require
constant exposure to a |lubricant, which substantially limts the life of
the notor. This probl emJushSaekionalhorserewes motors aremeriiudmln sitplle dorur e
environments in which the ojl used to Iubru%a%f t he bearings, dissipates

/ | .
over tinme, ev @RPYCAIOYS E’a‘ﬁ]gllcifﬁ&led&?tﬁéﬂnéﬁ?ﬁ et HF"é'VﬂF O¥fier BRREFY system
ety todt o Bel R ERxoray Seisicatroch il ok puithd S b i om
hor eases | he M EesidnElo Sl BPertrably BAuRRTR R p i TeP i eh 2™ 'Y

press fit joungal TheadthffhentiviicH @;{gkd;%%@()?!p?gﬁe&&ié iﬁ%cﬁ%@@grﬁgespr acket

during assenbly, due to the Inter et ween t aring and the

housi ng, the pRafdnterBBfahObediid@s, WHieH arcdlibjbbtts peldREnPRidiBRN bhak VR Mum
because the fixed position of the bearing 'does not allow for even slight

devi ations i n thodotating3hift oedritBnliRedf thd thofofe notor is jarred 25 or bunped
during operation, severe vibration and squealing can result because the 2
substitute sheet | | MAY 2004 bearing does not danpen the resulting
vi brati ongtdue to di st urllvangetaof proher alignment of the rotor shaft, shaded pole type

motors typically utilize spherical diameter, oil impregnated powdered 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, which
suBstantially limits the life of the motor. This problem is particularly acute in

15 high temperature environments in which the oil used to lubricate the bearings

dissipates over time, eventually causing catastrophic failure of the bearing system.

It is also known tb press fit plastic or non-metallic journal bearings
tightly to the bearing brackets. However, this type of bearing system requires
machining after the press fitting operation, which significantly increases the

20  manufacturing cost of the motor. Moreover, although a press fit journal 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 is jarred

25 or bumped during operation, severe vibration and squealing can result because the
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shaft/bearing rotation. These problens are particularly acute in the case
of netal bearings supported by netal brackets, and precision ﬂi | f
t hese conponents is 5 therefore critical. There are al so bearﬂE ﬁ&m
whi ch use a plastic bracket to support a netal bearing tightly fitted to
the bracket in an interference fit. The systemdescribed in U S. Patent
No. 5,287,030 uses a plastic bearing press fitted to a plastic bracket.
However, in albeatfig itesset Satapanthe tdsaltipadticationssiueitgdturbanct béithe preci se
bearing alignment and adequate |ubrication of the bearing remain critical
10 to the propbaftbpaimgtotaionf t he notor, and the inability of the bearing
to self align during operation reduces the useful life of the notor and
general |y causes the nmptor to operate less efficiently over time. FRA-2
545 664 to Ross et al diSebopwhlens as¢ paticvlerlyraeuse irf the cageiofimeialdepmingsr y 15
punp for enptying hi ng machi nes. The rotary punp_is of the type .
conpri si ng asgn%ﬁrfmé% raﬁﬁkb{a%,MPr@ﬁléloamﬁn%@ﬁ tapse QORWORERHS r ot or and

th i fan. .The. shaft bei .ed rjigd i th
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two connection, i BiACR&! RERFVEL hRA1 bOMEREySiths 1S bACRTR WgineRSmahat

emerge fromthe outer circular riAg and with'those extension 25 the disk
j oi nt si mul t anpeise BeaRRE MBI doh EndERIGLAS HHTREHS] of tREbSarhg18haR0Qitidhl t O
Hei nrich Hof f man di scl oSes a bearing systemfor the notor shaft of a punp
drive. Thaosysé eieprapdriopedadas bNthe nedter) and thatihabilityf did Woagiag to selfalin
substitute sheet 11 MAY 2004

during operation reduces the useful life of the motor and generally causes the

motor to operate less efficiently over time.

FR-A-2 545 664 to Ross et al discloses an electric motor for driving a rotary
15 pump for emptying washing machines. The rotary pump is of the type comprising
a shaft on which are set the pump impeller, the motor rotor and the cooling fan.
. The shaft being mounted on two rigid supports with centering and alignment

elements of low friction coefficient of the elastic bearings.

20  DE-C-955 526 to Kemper et al. discloses a two piece bearing/bracket system that
inserts the bearing body into a universal joint and especially into a disk joint that
functions as a universal joint. The disk joint can consist of two concentric

~ circular-disks whose two connection webs run perpendicular to the two
attachment webs that emerge from the outer circular ring and with those extension

25  the disk joint simultaneously becomes the bearing bracket.

DE-A-3707 600 Al to Heinrich Hoffman discloses a bearing system for the motor

shaft of a pump drive. The system having bearings each of which is arranged in a

3
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bearing hol der made of elastic material. These bearing hol deﬁl n have
either a sealing lip that creates a seal towards the notor amﬂé{r 2@04
front wall that closes off the notor casing towards the outside. 5 US-A-2
448 500 to Edgar Turner discloses a bearing structure for small electric
notors adapted to furnish the driving power for sew ng nachines,

typewiters, HYearifg holdesadd effel@ppaiatdrisd. THRE bERAMY hdl@dt adiigave eihafat
journaled in self-aligning bearings and carries a rotor core which is
mount ed for rceaknglip fhat eRates s srphtowards the mofprishaft ar ¢ entwall that closes. offhe

beari ng bushi f ] ter 10 spherical contour and are-
8 i ca%hgqu%agqﬁ fhe BsRi

held within ma I Ng S seals and respectively formed in the hub
portions and of the end-covers and by neans of spring retainers. EP 0 829
943 Al to Al an _page discloses an electrical notor that has bearing 15

support st FuctWPés2 P R0 tekdgas djutnsr diselosssi adieating btrgpture derr smeajkeleche

beari ngs may | PN rt,0 ng. sockets .so that the bearin may self
align to accon@%‘ﬁgﬁg@eg&ﬁﬁ%%@l r\{bng[q%%eaé?{ steﬁ'él}%_m neSe%P?‘ﬁaéerSare

somewhat bar r ehnssdnanadilirpbhianis T méRIvkahs 8 RAT jouflal sl iAREEL aBRkEt S ON
bridges of plastics material. The bearings have |ongitudinal gfooves and

the sockets hadgaringsandicamies piretor pere witich igmuwntsd fooroxtingas theaisnsalhe beari ng
agai nst rotation whjle.al,l om.ng a tij.ppi ng or rocking.which..produces the
201t "2l 1 gnmeneietb T i s ke TR bud e oA Wi Ba S T e e o
a metal hoackgheridaléorddurtah@ aRald BethinSmienk Spherios] La18ekEtespb@Rey the
bearing inside 25 dianeter by the extent of the interference fit, "which

t hen necessi t domredindls butoportionscandrof thy esd-coversiand byl enednsiofspeingt o restore
adequat e cl earatncersf or the rotor shaft. Also, the press fit operation

causes the beeraWS to lose alignment during installation. 4 substitute
sheet '

EP 0 829 943 Al to Alan page discloses an electrical motor that has bearing

15 support structures which self adjust to axially align bearings. The bearings may
tip within supporting sockets so that the bearings may self align to accommodate a
shaft passing through then_l. The bearings are somewhat barrel shaped to fit into
somewhat spherical shaped sockets on bridges of plastics material. The bearings
have longitudinal grooves and the sockets have tabs that fit into the grooves to

20 restrain the bearing against rotation while allowing a tipping or rocking which

produces the self alignment.

It is also khown to use a plastic bearing press fitted into a metal
bracket, but as the bearing is mounted the bracket closes the bearing inside
- 25  diameter by the extent of the interference fit, which then necessitates precision
machining of the inside diameter to restore adequate clearance for the rotor shaft.
Also, the press fit operétion causes the bearing to lose alignment during

installation.
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11 May 2004 SUMMVARY OF THE | NVENTI ON According to an aspect of the present
invention, a bearing systemfor use with a notor having a rofpmagheds and
a rotor rotating within an opening through the stator is provided, the
beari ng system conprising: a bearing bracket, at |east a portion conposed
of an elastoneric materi al, S & Eﬁiﬁhﬁ surroundi ng a bearing
and supporting the bearing ' e bracket, wherein the
bracket is adapted to be nmounted on the notor such that the opening in the
bearing is dis

wherein the br %E%ﬂiniggo%ﬁ?afs\f)ig%tgoﬁitﬂf]%pﬁ%‘é%ﬁﬁy%)ﬁi{oﬁ,afg?%r@%r%%Osiﬁ% fqirrl}i%fﬁtm@g%nd

of the rdrI BBl it RS g eRiraPRi8 Wit & BrBrhd Hher MR e ot or
i B Tl
openi ng ¢ Af Gy ardpelits mitefic EeionSd’ oy BSathelen SPlgbilif Drhsibdngnd one
aur f ace,  EOrodilti FRTESRETY bEETERREh 1CRIESsE Wide Hs BEEH.F R tne o
A A
e WU AL R (P
by acket o BERRELARRELIE B $0 it PEARERHS meiths i Shorfydl® bih 2 s, LS

hove. §nt o "R St Bltcihe IR ROsfGHE ad i MEEHE B Aoty b BafEfL' 00
suffici enii,él tionrfi'c% %etagﬁg{ %Lﬂ%g;o?{eﬁéeﬁohﬁ%@irr%@:ned I n spaced relation from

the stator during oper 11 May 2004

According to another aspect of the present invention, a bearing system for a
motor having a rotor shaft and a rotor rotating within an opening through a stator is
provided, the bearing system comprising: one or more bearings each comprising an
opening having at least one bearing surface, for maintaining a radial alignment of the
rotor shaft, and one or more bearing brackets each comprising a receptacle surrounding
the bearing and supporting the bearing in fixed relation, wherein the brackets are
adapted to be mounted on the motor such that the openings in the bearings are disposed
on opposite ends of the stator in the vicinity of an axis of the rotor shaft, and wherein the
brackets, at least a portion of said brackets being composed of an elastomeric material,
are sufficiently flexible that the rotor shaft can deflect the brackets so that the bearings
move into alignment with an axis of the rotating shaft but the brackets are sufficiently
rigid thét the rotor is maintained in spaced relation from the stator during cperation of the

motor.



The bearing system nmay be suitable, for exanple, for use in fractional
hor sepower shaded pole type electric notors. The bearing may bemap2e04
nol ded into the bracket to produce a hybrid bracket/bearing assenbly,
which facilitates both the nanufacture of the bearing system and assenbly

of the bearings.to the notor. The b arln cket may be insert _no|de
around a beari EI' e mﬁtbﬁﬁrﬂpgeﬁgﬁfﬁ% “?aﬁ’a et %%Bga pﬁgexpgpé. oBErYSE ¥ SR6HEY and

O o BeaShooe e o S o ééarwéﬂﬁa»gbﬁ%%é‘r? ap%@i?ﬂo"éet "
tho ot oPRKE 01 oRHT T HORNerBkeD REATGr AR, WBEh: Snie ho%ﬁh % educe
addi t1 on, TAHRUE R e FeT B g™ DRy aY LR BRSP4 BRI o bear i ng
bracket while eff|C|entIy danplng vi brations which nmay be induced in the
géttmlt *he. TedieRHN0 PEFEemabRp el RO ARG SParaHag BILer Pehini ch

A ub t O h
Oort at' ondiebearing it HOBREY SurHtst Baf thmqgﬂﬁ@aaur“ﬂs S ssinti B3hehiotedn ¢ hat

utilizes metal bearings. A flanged or bushing type bearing may be provided
e e o o e DR MG RS BETRAN Yo WA oA "1
securel y, 3 b E%Eb&%%@?ﬁﬁ%ﬁgféﬁé%iisa@e%sﬁé%‘@ét oR° ?i%%wé@ebq‘?'gemsn%ﬂahet ne

the bear i e Bt A8, e ¢ bciﬁrﬁ‘e&fofqh%&%?%*“ae oRPR HeoPAdRes . b

Repl acenent _Sheet ¢ bracket

ot bl o, epd el ARE S e EoRHE Sypigh i BOURGRIHE belfifs b may

employ a resilient elastomeric bearing bracket while efficiently damping vibrations which

may be induced in the system.

Both the bracket and bearing may be composed of a non-metallic material. The
bearing may be composed of a high performance plastic which does not require
lubrication, to prolong the life of the motor. Other variations of the invention may be

implementied in a bearing system that utilizes metai bearings.

A flanged or bushing type bearing may be provided with an opening having a
bearing surface complementary to the rotor shaft. A bearing bracket may be molded
around most of the flange and the hub of the bearing, creating a bearing receptacle that
holds the bearing securely, with exiremely close tolerances between the receptacle and
the bearing.

A rotation lock, for example flats distributed about the hub of the bearing, restrains the

bearing against rotation within the bracket.



alignment with the rotor shaft by deflection of the bracket itself. In
effect, the bracket serves the functions of both supporgémscerhent gpast ng
and conpensatl ng for bearing msalignment, so that the bearingMag2ebie to
adjust to accommpdate deviations in the axial pltch of the rotor shaft,
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yst em of SPLRI of trifkrsBety nerdbits fhelfe Bube BRaineVabin on of a housing
utilizing the brackets of Figure 2, 7 11 MAY 2004 Figures 6, 6a and 6b are
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BRIEF DESCRIPTION OF THE DRAWINGS

In drawings which illustrate by way of example only preferred embodiments of the
invention,

Figure 1 is a front elevation of a motor embodying the invention,
Figure 2 is a side elevation of the motor of Figure 1,

Figure 3 is a cross-sectional elevation of a bearing system according to the
invention,

Figure 4 is a plan view of the bearing in the system of Figure 3,

Figure 5 is a cross-sectional elevation of a housing utilizing the brackets of

Figure 2,



preferred enbodi nent of the invention. The notor 10 shown is a fractional
10 horsepower "shaded pol e" type notor such as that used to prqvi]dﬁ/%i/r%gozl_
circulation in a refrigeration system The notor 10 conprises a'r
conprising a rotor body 14 bearing a shaft 16 in rotationally fixed X
relation to the body 14. The rotor body 14 is rotationally disposed wthin
an opening in a nmagnetic stator assenbly 20 fornmed froma stack of aligned
annul ar st ator | am Figtiepfs624hd b s trosssdctiohdoflbfurhaddmigriiBdntwdynd around a
portion of the stator 20 magneti ze the stator |am nations 22 to provide

t he required negrieg brcketacemdingrte thefioventionyvi ng the rotor 12. According to
the invention, the rotor shaft 16 is supported by a bearing system a
preferred enbodi ment, of which is illustrated in Figures 3 to 5. 20 A

housi ng 30 conpri sddg¥i§0s 8¢rasesedtion of e atilt Serthes emhdiotentaf @beringdi al | y
across the ends of the_rotor opening and are affixed to the stator 20, for
exanpl e by boltrackebaceordingtofhe pvention: aBket s 32 each support bearings 50

t hrough which the rotor shaft 16 extends to stabilize and naintain proper

| | t Qf th .or 12 whi | | | owi,ng .substantial |l y. { tat| f
the rotor Shatt 16 VPER(TS ERPROUIIORY Saip ok Ao veizine G bicknmel 2004

wi |l be under s} t hat the bearing system may conpri se one bearing bracket
32, however, i hée preferred enbodi nent, there are two such bearing
brackets 32. A preferred enbodi nent of the bearing is illustrated in Figure

5. The bearing 50 is a pEpAASEH PRRCRIBTIGOHVEHETREENMER | on may be

i npl emented 5 using othér Types of bearings, including both plastic and
netal bearings. 'The bearing 50 illustrated conprises a flange 52
extendi ng radial ly fromFEigltebl add 2 AlustreReniel@trRmeios POSEBodyihabhy t hrough
the bearing 50 is provided with one or nore bearing surfaces 58 which
contact the rqgreferrehedhbodifient of thémvemtod The ntotaHdvshown is a fractional

10 horsepower "shaded pole" type motor such as that used to provide air circulation
~ in arefrigeration system. The motor 10 comprises a rotor 12 comprising a rotor
body 14 bearing a shaft 16 in rotationally fixed relation to the body 14. The rotor
body 14 is rotationally disposed within an opéning in a magnetic stator assembly
20 formed from a stack of aligned annular stator laminations 22. Electric field
15 windings 24 wound around a portion of the stator 20 magnetize the stator
laminations 22 to provide the required magnetic motive force for driving the rotor

12.

According to the invention, the rotor shaft 16 is supported by a
bearing system, a preferred embodiment of which is illustrated in Figures 3 to 5.
20 A housing 30 comprises opposed bearing brackets 32 which extend radially across
the ends of the rotor opening and are affixed to the stator 20, for example by bolts
| 34a. The béariné brackets 32 each support bearings 50 through v)hich the rotor
shaft 16 extends to stabilize and maintain proper alignment of the rotor 12 while

allowing substantially free rotation of the rotor shaft 16 within the housing 30. It
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the bearing opening is "fluted", conprising a plurality of tr(4 ZaM&é‘g
bearing 10 surfaces 58 evenly distributed about the opening 5 n a2864‘
apart by | obes 59 which are spaced fromthe rotor shaft 16. This mnim zes
the area of contact between the bearing 50 and the shaft 16 to reduce the
degree of friction between the rotor shaft 16 and the bearing 50, and thus
reduce the heat generated during operation. The |obes 59 also provide a

channel or pocwil bd wdetshedanatihe/baiingByaém hayd@Biprise G156 barginppeicRbin of the
notor 10. In the preferred enbodi nent the bearings 50 are nolded froma

hi gh per f or manweveyet, ymrtheiprefpired tinbodifiest, feed aentwd siidcbcarigg bRkEts 32, i S
VESPEL(r) (Trademark) SP-2624 grade manufactured by DuPont (Trademark),
due to its superior wear characteristics and extrenmely | ow coefficient of

t hermal expansi on 20 pr op@refered endpotimentatithabmriogid illubetedsiaFigure She syst em

of the inventign with _suitable |ubrication. Use of the VESPEL(r) .
( Tr adenar k) Slﬁf-i%]%e&“ff}% PO ised flanged hearing hojseves thedarantion maydgrimplenaatedt act ur ed

to very clagse tol erances ( | ow as . .0005 inches for snmall dianmeters) with
no machi ni ng r'Ef& th?f,ty?%éﬁéﬁi’}m% Bl ﬂ’rw&ﬁﬁﬁé@f‘ﬁi‘i@é"”%‘@@s Thos A first

et T HRRE S B i B Bl BT
substi Lut e shesienbl HA06 BERAAS: WdWfabS) S ANAURDRRLE R BORL 942 1
Ll ned. <Rl SSRGS ShohnR0 Y iS85 1301 gl B o

obliquely relative to the gto e 1nve

the. bear i ng 50 1o e b o R g
during assienblsyrfadestiBevblylistghd€d dtdut te opeiias 58 AndEshcediipaftby lobes 59

which are spaced from the rotor shaft 16. This minimizes the area of contact

between the bearing 50 and the shaft 16 to reduce the degree of friction between

the rotor shaft 16 and the bearing 50, and thus reduce the heat generated during

operation. The lobes 59 also provide a channel or pocket for the accumulation of

15 debris during operation of the motor 10.

In the preferred embodiment the bearings 50 are molded from a
high performance polymeric plastic. One preferred bearing material is VESPEL®
(Trademark) SP-2624 grade manufactured by DuPont (Trademark), due to its
superior wear characteristics and extremely low coefficient of thermal expansion

20  properties. Other bearings could be used in the system of the invention with
suitable lubrication. Use of the VESPEL® (Trademark) SP-2624 polymer is
advanta;geous because it can be manufactured to very close tolerances (as low as
.0005 inches for smalll diameters) with no machining required, thereby

minimizing manufacturing costs.

25 A first preferred embodiment of a bracket 32 for the bearing

system of the invention is illustrated in detail in Figure 3. Feet 34 are each

9
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use of the notor 10. In the preferred enbodi nent the bearing, bracket 32 is
integrally nolded froman el astoner, the preferred nateri al i M;AMYZ%&-U)
5526 (Trademark) manufactured by DuPont (Trademark). HYTREL(r) 5526 has a
10 fl exural nodulus of approximately 30 kPSI (according to ASTM
specification no. D790) at anbient tenperatures around 73 degrees
Fahrenheit and 40 kPSI at 32 degrees Fahrenheit, which is typical for the
interior of a pwevEstivdtreiole geowgh which bolt 84a isaligpossito anchagelerimhcketad | v
sinmpl e bracket 32 having a flexibility within the range suitable for a
fracti onal - hortdhesietor ﬂgt Srbridge 365s Damméainesl spacedifeors thesstatat 2bbpesesiBs,abl e,
however care nust be taken to ensure that the bracket 32 exhibits

appropri at e f|WRichimayBe asieated obligpaly redafiverte therwidgbBcket 32 is too flexible
the rotor 12 could contact the stator 20 when the notor is jarred or

experiences unusual resistance; if the hracket 32 is.too rigid the bearing
50 wi Il not self align wit$PreiRg o Bednveatos. fﬁei%,acle%ﬁéﬁﬁﬁ%blﬁﬁﬁlthmiahlezo

I he .bear i. . i ' when th
Totor 10 19 | noqeRe Ry oY PRaRERE Bl ERAERSTRE el R oy o
nbi i fotd | G ' ! f ' f _the .thick
and coni gur a5t B FEREChEnFat g of e el B GHBFRR Plret i, 15 o
i nherent char age@fFiiihstoPiot ﬁghgﬁr ee{aréggdodﬂﬁggﬂié)bé‘aﬂﬁgﬁagg?ttgrzqgket 32.

According to the invention t ac I's sufficre I'exrble to

al | ow t he bearinfigrdly HSEEFbmi AAlePastin B BlefirddmitBRal IR HPRES WSt i tut e
sheet- | | MAY 2004 centerline, but sufficiently rigid that the rotor 12

cannot cont act5326¢Tridainerk) 2inufactuie by DuRdnt {Oralémindy.” BY TREL® $526Easunder
ordinary operating conditions. In addition, the danping characteristics of

the bracket' s fBura erdubls oflappraginfavely 80 &P8haccbraingen ASTIM speeifidation aed

vibration. D790) at ambient temperatures around 73 degrees Fahrenheit and 40 kPSI at 32
degrees Fahrenheit, which is typical for the interior of a domestic refrigeration
unit, to produce a geometrically simple bracket 32 having a flexibility within the

range suitable for a fractional-horsepower motor 10.

15 Other elastomers may also be suitable, however care must be taken
to ensure that the bracket 32 exhibits appropriate ﬂexibili@ characteristics. If the
bracket 32 is too flexible the rotor 12 could contact the stator 20 when the motor
1s Jarred or experiences unusual resistance; if the bracket 32 is too rigid the
bearing 50 will not self align with the rotor shaft 16, which can result in

20  accelerated and uneven wear on the bearing 50 and excessive noise when the

motor 10 1s in use.

The flexibility of the bracket 32 is determined by a combination of
its geometric modulus, which is a function of the thickness and configuration of
the bracket 32, and its flexural modulus, which is an inherent characteristic of the

25  material used to form the bracket 32. Accordin-g to the invention the bracket 32

is sufficiently flexible to allow the bearing to deflect into alignment with the rotor

10
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5 The external factors which affect the degree of deflection of the
bracket 32 include the magnetic force of the motor 10, the tds$jiAN 2084
rotor 12 and the size of the air gap between the rotor 12 and the stator
20. Thus, the flexibility of the bracket 32 for a particular notor 10
shoul d be sel ected such that, under nornal operating conditions, the
bracket 32 will flex sufficiently to allow 10 the bearing 50 to nove into
al i gnment  wi t heenteelime bst suffidiéelyrogid that therotor W2 Icknrod tontalke ftheegtitof 20 tge poi nt
that the rotor 12 will contact the stator 20 upon the application of a
radi al per cusshoter i0igerrehociostiidyhdeberdmepeopeeatomctodditiongy Inawdd#donpgher at i on
of the notor 10. Material selection and geonetric design of the bracket 32
are interr el daawiagchansjeriséictiefthg heagketts Banaterial dlows dersthe epid | exi bil ity by
selection of 15 suitable thicknesses for the bridge 36 and risers 38, and
optional Iy reidteayationpf mducedvibrationsuch as ribs or ridges 31 as shown in
the preferred enbodi nents. Thus, the bearing bracket 32 itself flexes to

te f i ght j | i t betw th t t .16 dth
Coen g 5651 t he. bear i nprecert eIl TG Shst Bl it of REHecHRROf éxi bi 1 t
f the b ket i hi, . he.,20 i.bed t i
o aoen o Fitael SO BBl R L DR AP YRR 1265 1 s,
hybrid br acketaglfl%@e el g&ftgf %fr%gfége%@ﬂ{[%%{)tog?%d FrleQiflo 200 ﬁu}%%b' e

materials are SO pos ordi ng Invention. 1 e preferred

embodi ment  t heIRIRRKAIS tRbrabkel BS $oila pRRACIRA REOBHI 0 sl RERIdRA sabh fl4Eh that
the bearing receptacle 40 is forned in the bridge 36, 25 preferably

central ly, duninder AdalBhedhtit@ WhARLES thelbtasket 9PN Tox FBMIAY W Alawnd
assenbly of the bearing systemin a single step, and provi des the advantage

that 11 Sobstthé béaeinglS@eabd nioke MYY al@fdAeithaitibhankis@f §2 roforl12bgewiil not
encapsul ated by the bracket 32 and therefore will not shift axially
rel ative to t Reflbstde ket podit.thasshe witord 2f willngpathchiha statg 26Mpan ¢resapiplication
of a radial percussive force which might be experienced during normal operation
of the motor 10. Material selection and geometric design of the bracket 32 are
interrelated and may be designed to exhibit the desired flexibility by selection of
15 - suitable thicknesses for the bridge 36 and risers 38, and optionally reinforcing

structures such as ribs or ridges 31 as shown in the preferred embodiments.

Thus, the bearing bracket 32 itself flexes to compensate for slight
misalignment between the rotor shaft 16 and the opening 56 in the bearing 50. It
will be appreciated that the flexibility of the bracket 32 required to achieve the

20  described parameters is measured at the receptacle 40 (i.e. the position of the
bearing 50); thus, hybrid brackets 32 formed from a combination of rigid and

flexible materials are also possible according to the invention.

In the preferred embodiment the bracket 32 is insert molded about
the bearing 50 such that the bearing receptacle 40 is formed in the bridge 36,
25  preferably centrally, during the molding process. This combines manufacture and

assembly of the bearing system in a single step, and provides the advantage that

11
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captivation of the bearing 50 within the receptacle 40, and overnolding to
produce a |lip 35 about the outer surface of the flange 52 wifl{ Mﬁﬁ‘ﬁrg{][? at
the 5 bearing 50 does not shift axially within the receptacle 40 or fall
out during assenbly of the housing 30 to the notor 10. Because of the high
coefficient of friction of elastoneric materials the bearing 50 should be
positioned within the receptacle 40 so that it projects above the top
surface of thdhebearingt503plargdheemabsiated by Gredivycket IV ardi theyeforbedll nog sur f ace
for the thrust |oad (which may for exanple 10 conprise an inpeller). Insert
nmol di ng i s al $hithayiallt wlative tvihetboarket 3% dbsei ofatflanged bearing S0iangmestyst em
because the resulting tol erances between the bearing 50 and the receptacle
40 are extr enePPibgn of thehearipg 5S¢ withinfhe syeptacle dfazspvenneldingdoack et

wi t hout any distortion or constrijctiqgn of the opening 56. However, because
of the Iow 15 BP94ee pofRals Hoelh WP HcE Siltenabihedirazb sar Rgnmee tubihenc

| d_th . .appl.i ed he bearing 50 when i ,

T orati on’l odka: o B bty oaly R s Fresbibels ) el BESHFRE S0 agai not
[ i t hi . h f ' t. th tati

ook compri sed iy SEREROAEIEIE mE Bkl R He A7 gt o0 mmteﬁghﬁ 54,

o Ises SPOSed aroul ' T ;

50 produces. canel o RFlcmatR e ikhy' 0 MAR Bl p it e i "o "0

receptacl e 40 recdBiacle 400ORRAAH Srojiclshbbietht ké surff@of Be bERRE B gfl.etﬂﬁ% Jaearing

50 against rotation. The rotation |lock may 'in alternate enbodi nents

conpri se tabs tigurelgrmoviding(ddaria s oxvticeifor thb ehrtiét Dol whichi gy fdr2R&ApIe52, and
conplinmentary mating structures (not shown) will be formed into lt:,he 25

beari ng rateprampaselsh mhpelle. t he i nsert nol di ng process. 12 substitute
sheet 1 1 .MAY 2004 Insert nolding of the bracket/bearing assenbly may
result in the
Insert molding is also a preferred method of fabricating the bearing

system because the resulting tolerances between the bearing 50 and the receptacle

40 are extremely small, and the bearing 50 is engaged to the bracket without any

distortion or constriction of the opening 56. However, because of the low

15 frictional resistance between the bearing 50 and the receptacle, and the constant
torque applied to the bearing 50 when in use, a rotation lock is preferably

provided to restrain the bearing 50 against rotation within the receptacle 40.

In the preferred embodiment the rotation lock comprises flats 54a
disposed about the outer surface of the hub 54, best seen in Figure 4. Insert
20 molding the bracket 32 about the bearing 50 produces complimentary flats 40a
distributed about the bearing receptacle 40, which cooperate with the flats 54a to
restrain the bearing 50 against rotation. The rotation lock may in alternate
embodiments comi:orise tabs or grooves (not shown) in the hub 54 or the ﬁangg
52, and complimentary mating structures (not shown) will be formed into the

25  bearing receptacle 40 during the insert molding prbcess.
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bearings 50 being slightly off of the axis or centerline of . ge r éﬂh?ﬁ
however because of the flexibility of the brackets 32 the b‘t rimgéfo |
self align with the axis of the rotor 12 during assenbly as |long as the
assenbl ed housing 30 supports 5 the bearings 50 in the vicinity of the
rotor shaft 16. In use, the bearing 50 is nounted to the bearing bracket 32
by fitting the hub 54 into a nold (not shown) so that the flange 52
extends into the regionlnsért tioblitg afttke bra8Retfbeatingdssémblgmmyt feenlt makpt acl e
40. An el astonmer such as HYTREL(r) (Tradermark) or another suitable

f1exi bl e mat erbearingsSq bging slightly effoofitheaxio onesinterlinmef the ratérel Zrhbeteves fil | ed

the bearing 5Q is encapsul ated by the el astonmer. \Wen the el astoner cures
the bracket/ bg%ﬁcw?g Ogglsf‘efﬁ@dwlltyso resbragkeets 3the bperings S0 vill self g withdhe he
notor 10, the rotor. 12 is sitioned. within the openipng in the stator 12,
and the beari rf"d“sb‘?frfbﬁgltgr Wing aé%@gﬂ%%@ngésf st lopsing B OsppeeTéH 0si ng
the rotor shaf 6. thr h.t he .bearings 50 l.igning the feet 34 wth

hol es (not sjshot\{;\lllel e@%%gﬁlme"%{“ %ﬁtﬁigéqwliﬂ'?&c}ﬁs 22 and securing the
housing 30 to the stator 20 as by bolts 34a. The notor 10 is nounted to an

appl i ance in_ convent i onalycL i afing30%: LNEIR Ge bediligaganaec ed to the

| ocal power supply. In operdtion, the rotor eS W thT P t he stator

20 the rotor {RfnsHafHubla iHRlAhSH RSHBSH) §m?€§é§wge SHL;ARRSnehe | N the

preferred enbodi nent no [lubrication is requi ueto the extrenely |ow
frictional resegibadeehedrsekeO®s fhatwRNor@fthd ReéptRlle 8% PARSI RN shdlfashi gh
performance polyner used for the bearing 50.” Because of the flexibility of
t he bearing briEAYKRELS2(Tradentxeidy bnghoBier sitdble fledible edatdrin] acia ot datbehe
deviations in the axial pitch of the rotor 12, thereby 25 maintaining
proper- al iignmeneldpmtdesdine bkt ibdidled tig tedriagm 60 tshacamstatedtyahe elbsionfet.er
assenbly and during operation of the notor 10. The use of plastics for both
the 13 substiWhenthegtastomer cures the bracket/bearing assembly is removed from the

mold.

To assemble the motor 10, the rotor 12 is positioned within the
opening in the stator 12, and the bearing brackets 32 are assembled to the stator
15 20 by disposing the rotor shaft 16 through the bearingé 50, aligning the feet 34
with holes (not shown) through the stator laminations 22 and securing the housing
.I°:0 to the stator 20 as by bolts 34a. The motor 10 is mounted to an appliance in

conventional fashion, and terminals 11 are connected to the local power supply.

In operation, as the rotor 12 rotates within the stator 20 the rotor
20  shaft 16 rotates against the bearing surfaces 58. In the preferred embodiment no
lubrication is required due to the extremely low frictional resistance and
coefficient of thermal expansion of the high performance polymer used for the
bearing 50. Because of the flexibility of the bearing bracket 32 the bearing 50
will deflect to accommodate deviations in the axial pitch of the rotor 12, thereby
25  maintaining proper alignment between the bearing 50 and the rotor shaft 16 after

assembly and during operation of the motor 10. The use of plastics for both the
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1 MAY 2004 bearing bracket 32 and the bearing 50 reduces oppoytyniti :
wearing of the bearing system conponents, and al so reduce's?réiﬁ&%r?ﬁ?lf
vibration levels. In a further enbodi ment of the invention, illustrated in
Figures 6, 6a and 6b, the bracket 32 is provided with ribbed posts 70 and
71 projecting from5 the feet 34, preferably formed integrally with the
bracket 32 during molding. Both posts 70 and 71 have a sem -circul ar
confi gurati on beriggdsackelet ingrthe Berringys@npiuendpridriusities wehtngof the Fi gure 6a
where post 71 js jllustrated as having a flat face 73. Post 70 has

sawt oot h shapRRITNEs¥stomLompenets apdalso Tedupessnoisevant odiratiorslesgled i bs 71 a.
The direction of the sawtooth ribs 70a is opposite the direction 10 of

ribs 71 a to allow for interl ocking with a conplinentary post _as shown in
Figure 6b. \Wen two br acﬁ’eﬁé‘“’%ﬁr erbodimentot gheingentiongilystrated i Figwerbgur e 6b,

the ribs 70a interlock with ribs 71 a, on,t| | ong_faces 73, of posts 70
and 71I res pecéq {;’.’ ﬁwqrﬂctkteﬁ?%m(%?ﬁl%qug? Pgﬁ?‘flmfés 717I€T01§ﬁ@1£@'0@r e
self-orientdn t dinent is,illustrated in. Fi.gure 7, in which
each 15 braslckgrthe rgrgx}i} g@%ﬁ%&“&%@"&?& lyongaﬁslfra%tga ot 74. This
nmai nt ai ned

sinplifies megyh Eﬁﬁb@ﬂﬁg?ﬂaﬁgﬁiﬂ{cﬁ%&@%}% Biﬁ%%)tfg-séc?ioggm i cal |

In inventory, sinceinthis e acket's are

However, the ogxhg@@@fitﬁﬁ is Sowd g r@g@etsﬁe{%dﬁ{gf ishﬁugﬁ%@%ih@mﬁ%ﬂum

during assenbly the housing 30 "to a no to ensure that "'each post

70 aligns wi t hfaee BNCRa 70 Radsavi-RRIOMAPE £i8s AR WHREdsGlos3R habhes8o&lbodi ment s
allow two brackets 32 to be securely joined together to formthe housing

30 wi t hout t heshapelritiso?1ab dht direstivhesfthosavetdoth ribsSBRLE bpbsite @rsdireLhes e
enbodi nents are assenbled to the stator 20 in the sanme fashion as the
enbodi nentl0of dcfiripar7éa 8y allowéorénterlockiegetithf complimehiatst sosBdsshoha id5 posts 70
are press-fitted into correspondi ng sockets 74. The opposed sawt ooth

conf i gur at i onFighredhe WhasstwpbrackgtspionfiRigire & aposiet iay shawrt mrFigaeicbgthe

n n
engagement ribs 70a interlock with ribs 71a on the along faces 73 of posts 70 and 71

respectively. With this configuration, the posts 70 and 71 are self-orienting.

A further embodiment is illustrated in Figure 7, in which each
15 bracket 32 may be provided with one post 70 and one socket 74. This simplifies
manufacturing and reduces the number of parts to be maintained in inventory,
since in this embodiment both brackets 32 are identical. However, the orientation
of the brackets 32 must be taken into account during assembly of the housing 30
to a motor 10, to ensure that each post 70 aligns with a socket 74 on the opposite
20  bracket 32. These embodiments allow two brackets 32 to be securely joined
together to form the housing 30 without the need for bolts, screws or other

securing means.

These embodiments are assembled to the stator 20 in the same
fashion as the embodiment of Figure 3, however instead of using bolts 34a the
25  posts 70 are press-fitted into corresponding sockets 74. The opposed sawtooth

configurations of the ribs 72, 76 provides a positive interlocking engagement

.14
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14 substitute sheet 11 MAY 2004 between the posts 70 and the socket s 74

to thereby retain the brackets 32 securely affixed to the Mf_\g

unitary housing 30. Preferred enbodi nents of the invention h een thus
descri bed by way of exanple, it will be apparent to those ski IIed in the
art that 5 nodifications and adaptati ons may be nade wi thout departing from
the scope of the invention, as set out in the appended clains. 15
substitute sheitween fppostsddamy themsskets 74ntbdarehy getaipdhebratits $secuidh a

not or having a 1% ‘ﬁ haft and a rotor, rotating within an opening through
a stator, conptEFhiy eﬁ@ﬁ%rllﬁdlsﬁr%k'éft ouging38ast a portion conposed of an
el astorrerl c material, conprising a recept acl e.5 surrounding a bearing and

supporting the bearing i i xed rel.ati t he br cket ein the
bracket is adapted to bepﬁf)eﬁﬁ’?ﬁgaqbf}ﬂmf SIVERfan aﬁé’cgqelﬁig‘aﬁﬁeni ng in the
b di [ d
wherein the tiaannd Bodftednble ot SRRt Rl ReIP Bps e Can

defl ect the br t with naxis
of the rot g’[l nlga(glﬁl&?tmgut t agﬁtzl%@ng IIP%?H a|rasg\<@u %e%gﬁ{qu%wg}edsc%e t he
rotor is maint fRAnfich, %P@&%ﬁth%@&;%ﬁ%ﬂdéd&%ﬁshe stator during operation of
the motor. 2. The bearing systemdefined in claim1 in which the bracket is
resilient. 3. The bearing systemdefined in claim2, in which the bracket

is conposed of an elastoneric material. 15 4. The bearing system defined
inclaiml conprising a rotation |ock :

15
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cooperating between the bearing and the receptacle to restrain the bearing

agai nst substantial rotation relative to the bracket. 5. Fh i
system defined in claim4 in which the rotation |ock corrp-rlii iegﬁg{ mlgt

one flat on the bearing. 20 6. The bearing systemdefined in claim1l in
whi ch the bearing is conposed of a polyneric plastic and conprises a
flange projecting radially froma hub. 16 substitute sheet 11 May 2004 7.
The bearing systemdefined in claim1l in which the bearing bracket is

i nsert nol ded @bAIMSt he bearing. 8. The bearing systemdefined in claim1
in which the bracket is provided with at |east one ribbed post

conpl enentary to a “)g%ed_socket, t he post being adapted to be secured to

the socket by inter AN Bistiarfor uphWith 2 moter kyving aneiprshal anda rater about a
bracket 1o pr QOB TR AT NE T R R CUBPS A PErPBLRkEL A eS|
racket is pr P _

chaft and a 1 B PARpREe e R R EmREE B chrsgRBa PR The ot o
it boar | e _ ! _ eI
e AN e

al i gnment of tPgerbRURE baBIed s acﬁgﬂzd W 9% gfouﬁfgg r%ln ?}tg%gh@g sWHAGARhS ot

conprising a receptacle surroundi ng t supporting t beari ng

in fixed rel atih @i bodiaE @ dispdied BY @6 ¥RIS AN ANRRIFEE doforRBaAHALARGR t he
notor such that the openings in the bearings are di sposed on opposite ends

of the stator theibidoketis sifficieytlpilexible thatitlie @lorishaft £o1 dflesé brack@tdowher ei n
the brackets, at |east a portion of said brackets being
that the bearing moves into alignment with an axis of the rotating shaft but the
10 bracket is sufficiently rigid that the rotor is maintained in spaced relation from the

stator during operation of the motor.
2. The bearing system defined in claim 1 in which the bracket is resilient.

3. The bearing system defined in claim 2, in which the bracket is

composed of an elastomeric material.

15 4. The bearing system defined in claim 1 comprising a rotation lock
cooperating between the bearing and the receptacle to restrain the bearing against

substantial rotation relative to the bracket.

5. The bearing system defined in claim 4 in which the rotation lock

~ comprises at least one flat on the bearing.

20 6. The bearing system defined in claim 1 in which the bearing is
composed of a polymeric plastic and corriprises a ﬂaﬁge projecting radially from a

hub.

16
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conposed of an elastonmeric material, are sufficiently flexible that the
rotor shaft can deflect the brackets so that the bearings noveMaypt2004
alignnment with an axis of the rotating shaft but the brackets are
sufficiently rigid that the rotor is maintained in spaced relation from

i whi o the. br g, 8ol et T4 1 yhoh o8 p3en bafEeL ko freu

in claim ' ' |.east a portion of the brackets is conposed of an
el ast oneri OI%qéﬁ]c}utheq}lef"ﬁ he nmotor defined in claim12 in which the

brackets are conposed of an el astoneric material. 14. The notor defined in
claim 10 conprising a rotation | ock cooperating between the bearing and

ol at fve (. ¢ AEeraCh Bkt SR b Bl W M bRl e £rR0eke Pl o e
cor rospondas oFF FPOBT BERClamidbudio'a Bbodfadolls S et sloriocioheo i n

brof cct i ngoPaarap e AT & il orBo SHTLIG, BB el AR & BPea 0o dn e

each beari ck Is insert nolded about a bearing. 18. The notor
AR gEe,

defined in which the first bracket is provided with at |east

one ribbed post and the second bracket is provided with at |east one ribbed
socket conplenentary to the post, the post being adapted to be secured in

socket . 18" Tnd el G ST RAEE M. bhTs T whidh BR StacR radled! MR Bravi e
W Eh 100 ROSKS, AN-BIARS faroBi Wi SOk BncHAY) pSATER TR Y ok fBkReand On 2

second br

10. A motor having a rotor shaft and a rotor rotating within an opening through a
stator, the motor having a bearing system comprising

one or more bearings each comprising an opening having at least one bearing
surface, for maintaining a radial alignment of the rotor shaft, and

one or more bearing brackets each comprising a receptacie surrounding the
bearing and supporting the bearing in fixed relation,

wherein the brackets are adapted to be mounted on the motor such that the
openings in the bearings are disposed on opposite ends of the stator in the vicinity of an
axis of the rotor shait, and wherein the brackets, at least a portion of said brackets being
composed of an elastomeric material, are sufficiently flexible that the rotor shaft can
deflect the brackets so that the bearings move into alignment with an axis of the rotating
shaft but the brackets are sufficiently rigid that the rotor is maintained in spaced relation

from the stator during operation of the motor.

11. The motor defined in claim 10 in which the brackets are resilient.
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| MAY 2004 BEARI NG SYSTEM W TH FLEXI BLE BEARI NG BRACKET ABSTRACT OF THE

DI SCLOSURE A bearing system conprising a bearing 50 supportedi1 Mag 2Dbgxi bl e
5 bearing bracket, for exanple for use in fractional horsepower shaded pole
type electric notors. The bearing systemis self aligning, the bracket

being ableg.to fl t onpensat e for viations in.the radial alignnment
of 1 e rotdr s iipemeiat gePef FRERE B Rouein et ol i Bra B Tor ot on
wi thin the brac}édatf Ieg t.he r.é)re{ e.rfed enbodi ment the bracket is conposed of
an el ast ofE8MPERY P %ﬁ?mﬁé ﬁné‘ei'a‘corrposed of a high performance plastic
pol ymer, so that the bearing systemis non-lubricating. FIG 3 19

13. The motor defined in claim 12 in which the brackets are composed of an

elastomeric material.

14.  The motor defined in claim 10 comprising a rotation lock cooperating between the
bearing and the receptacle to restrain the bearing against substantial rotation relative to

the bracket.

15.  The motor defined in claim 14 in which the rotation lock comprises at least one

flat on the bearing and a corresponding flat on the receptacle.

16. The motor defined in claim 10 in which the bearing is composed of a polymeric

plastic and comprises a flange projecting radially from a hub.

17. The motor defined in claim 10 in which each bearing bracket is insert molded

about a bearing.

18. The motor defined in claim 10 in which the first bracket is provided with at least
one ribbed post and the second bracket is provided with at least one ribbed socket
complementary to the post, the post being adapted to be secured in the socket by

interlocking between ribs of the post and ribs of the socket.

19. The motor defined in claim 10 in which each bracket is provided with two posts

and adapted to interlock with complementary posts and on a second bracket.
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