AXI AL BEARI NG ARRANGEMENT | N A HERMETI C COVPRESSOR

Field of the Invention The present invention refers to
wano@ogd3c beari ng arrangenent Tn a reci procati RGT/BR2005/000048

hernmeti c conpressor with vertical shaft of the type

used in small refrigeration systens. Background of the

Art Hermetic conpressors of refrigeration present,

nounted inside a hernetically sealed shell a cylinder

bl ock, supporting a vertical crankshaft to which is

rmpmtmi BEaRCTCOARRANGEMENECIN ¢ MEROIET ITheOMHERFESAH

cr nk hg% TLOLQ %senbly IS supported by an
Eéﬁ—gegikﬁg——geﬁefaﬁgy-|n the formof a flat sliding
axThb bpaesagtlnlmhenhlan oreférbkm goarant eexishe bearing
SeQ?EQE?QEh ﬁl pt hg Sé'rf?&@f’p%%gtﬂﬂﬁuaillefrﬁé@ibvecompressor

novenen pl1 ng ) formof a rol]er

5 pediFhg (VoSA632644;ShAB03/ 0AB00BYS| nt¥RPch Uesshl |1 small
asggﬂbhgegg@@@htgygh@mQX|aI wei ght, rolling on races

t hat Ee3|st th% EE é Een3|ons devel oped by contact

wi ERS kshaft carries, in its |ower

enHeraepumpcb@@&bsswhbcbﬂﬁﬂéﬁnigduauﬂnﬂeﬁiewemﬁ theunted
2012 ROTHEL SLuby! A O L0 8 TEASKALL bacock,

de%lne int OWer ti-on 0
10 wi shppotadngr @l avev*elmi/emmkma@ tizp guhight 6183 oﬁmpunted

supply £8fothecospect; aperati oRfr SarfePafd Sghdhef the
position o ? the axial bearing may vary according to
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(slipping), or in the form of a roller bearing
(US4632644; WO03/019008) in which a ball assembly
supports the axial weight, rolling on races that
resist the Hertz tensions developed by contact with
20 the balls.
The crankshaft carries, in its lower end, a pump
rotor, which during the operation of the compressor
conducts lubricant oil from a reservoir defined in the
lower portion of the shell to the parts with mutual
25 relative movement so as to guarantee oil supply for
the correct operation of said parts.
The position of the axial bearing may vary according
to the arrangement of the compressor components and to
design variations. In some solutions, the rotor is
30 mounted to the crankshaft below the cylinder block, as
illustrated in figure 1, or the rotor is mounted to
the crankshaft above the cylinder block, as
illustrated in figure 2. Depending on the mounting
position of the rotor in relation to the cylinder

35 block, the surfaces that define the axial bearing are
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illustrated in figure 2 . Depending on the nounting
position of the rotor in relation to the cylinder

_ ( ! beaPCIBR2005/000048
arealtered. In the situation in which the rotor is

nount ed bel ow the cylinder block, the | ower surface of
an annul ar flange of the crankshaft axially journals
on an annul ar surface defined in the upper end of the
radi al bearing hub. On the other hand, when the rotor
|s%gg¥nagd above the cylinder block, the |ower face of
t fe"F ot or axially journal s _on an annul ar _surface
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arrangement in which the rotor ig mounted below the
cylinder block.
In the constructions described above in relation to a
sliding axial bearing, the perfect parallelism between
the mutually confronting surfaces which define the
axial bearing is not guaranteed due to the presence of
position errors (axial strikes) and mainly
deformations of the components during the compressoxr
operation.
These errors and deformations give rise to a geometry
which is unfavorable to the formation of an oil film
and which consequently reduces the supporting capacity
of the axial bearing, increasing the mechanical
friction losses and wear to the surfaces.
The improvement of the energetic performance of these
compressors can be achieved by reducing the mechanical
friction losses, for example by employing more
efficient bearings in the form of a roller axial

bearing, whose operation in terms of dissipated
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The inprovement of the energetic performance of these
conpressors can be achi eved by reduci ng the nechanica

wonriastoogase | osses, for exanpl & by enpl oyin
efficient bearings in thgpfornyofng rgllgrngingBRﬂmymmmm
bearing, whose operation in terns of dissipated48
mechani cal |oss presents rates close to the ideal . A
constructive solution of a bearing using this concept
Lzldfzgr{beg in Frazilian pat ent Pl 8503054 (US4632644)
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arrangement which increases the mechanical reliability
of the roller bearing by minimizing the effects of
crankshaft deflection, as illustrated in figure 4.
Objects of the Invention
It is a generic object of the present invention to
provide a bearing arrangement 1in a reciprocating
hermetic compressor of refrigeration, which can reduce
mechanical losses and total noise levels, resulting in
better energetic performance of the hermetic
compressor.
Tt is a further object of the present invention to
provide a bearing arrangement such as mentioned above,
which doeg not impair the adequate lubrication of the
crankshaft portion and of the other components of the
compressor mechanism located above the axial bearing.

gummary of the Invention

The present bearing arrangement 1is applied to a
reciprocating hermetic compressor, comprising: a
cylinder block mounted inside a shell and carrying a

cylinder and a vertically disposed radial bearing hub;
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Sunmary of the Invention The present bearing
arrangenent is applied to a reciprocating hermetic
conpressor, conprising: a cylinder block mounted
inside a shell and carrying a cylinder and a
vertically disposed radial bearing hub;a crankshaft
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other part belng assoclate
(cylinder Dblock or any component rigidly connected
thereto, such as the external bearing for example) ,
i.e., each magnet element is mounted to a respective
part of at least one of the pairs of parts of
crankshaft and cylinder block and of cylinder block
and rotor, there being provided, in at least one of
the pairs of parts, confronting mechanical stops which
are maintained spaced apart by an axial gap (FA)
cmaller than a magnetic axial gap (FM) existing
between the confronting faces of the magnet elements,
in order to guarantee that, upon occurring at least
one of the conditions of a sufficiently high increase
of the compressor temperature and an axial
displacement of said parts during transportation of
the compressor causing the mutual seating of the
confronting mechanical stops, the magnetic axial gap

is maintained higher than zero. Due to the presence of
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in order to guarantee that, upon occurring at | east
one of the conditions of a sufficiently high increase
of the conpressor tenperature and an axi al

di spl acenent of said parts during transportation of
the conpressor causing the mutual seating of the
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Figure 3 is a median vertical sectional view of a

reciprocating hermetic compressor gimilar to that of
figure 1 and which 1is provided with an external
bearing actuating radially on an extension of the
crankshaft external to its eccentric portion and
vertically supported by an axial bearing;

Figure 4 is a partial vertical sectional view of a
cylinder block of the type illustrated in Figure 1 and
incorporating a vertical radial bearing hub, in whose
upper end a roller axial bearing is seated to the
crankshaft-electric motor rotor assembly, as taught in
the prior art;

Figure 5 is an enlarged and partial vertical sectional
view of a cylinder block of the type shown in figure 1
and incorporating a radial bearing hub which is
designed to receive a magnetic axial bearing element
and an oil deflecting means constructed according to

the present invention;
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upper end a roller axial bearing is seated to the
crankshaft-electric notor rotor assenbly, as taught in
the prior art ; Figure 5 is an enlarged and partia
vertical sectional view of a cylinder block of the
type shown in figure 1 and incorporating a radia
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P‘?Lrlﬁ.%escctfa i diﬂlf dhe sefd.eeting neans illustrated
in‘figure ;an é?gure 8 is_an enlarged vjew of th%.
melieuney o r adgenerit oPPHESFAGNELEY | | trifed frunting
flag_xga@%eﬁﬂeq{td £, _@g@omd'gﬁgttso ilengresend iavefigaunes 5
Detail ed Descrjption of the Invqption F%ggﬁe 1
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i s appropriate S d a.cylinder,: :
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ocC . e crankshaft 50 rther . s
a SEREE T ﬁorY?Bﬁlﬁ?gj SEENG vva%gr yq.faVl ﬁgn first

rom
end portion projecting outwardly from the radial

bearing hub 40 so as to secure a rotor 61 of an
electric motor 60, whose stator 62 is secured under a
cylinder block 20. The crankshaft 50 further presents
a second end portion projecting outwardly from the
radial bearing hub 40 and incorporating a peripheral
flange 51, whose lower face defines an axial bearing
annular surface 5la and an eccentric portion 52 to
which is mounted the larger eye of a connecting rod
70, whose smaller eye is mounted to a piston 80
reciprocating inside the cylinder 30.

In this type of prior art construction, the axial
bearing annular surface 5la 1is seated on an upper
annular face 41 of the radial bearing hub 40 to thus
define a sliding axial bearing which supports the load
of the crankshaft 50/rotor 61 assembly.

Figure 2 further illustrates a reciprocating hermetic
compressor with the same Dbasic elements already

described in relation to the compressor of figure 1
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which is nmounted the | arger eye of a connecting rod

70, whose smaller eye is nounted to a piston 80

reci procating inside the cylinder 30. In this type of
prior art construction, the axial bearing annul ar
surface 5la is seated on an upper annular face 41 of
”}chf adji3l cibeatidg AubrdfetOed husydethae aafki direFerence
axi al bearing which supports the Yoa .of thf .
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i's provided, seated agﬁlnst an_upper aQHuIar face 41

of repRe¢RHY Rl L BESTF | A ﬁﬁe46055é$ﬁs?fa FEspaErvet:
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portion 52 of the crankshaft 50. .Th
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| spdi-spesedahorethbe aydrikpdefthl ek 2Be same compressor

configuration can be found when the electric motor 60

tric

ig disposed above the cylinder block 20.

In the construction of figure 4, a roller axial
bearing arrangement is illustrated, which is applied
to a reciprocating hermetic compressor with its
crankshaft 50 being vertically disposed and carrying a
rotor 61 of an electric motor mounted Dbelow the
cylinder block 20 and the radial bearing hub 40.
According to the present invention, the prioxr art
deficiencies are overcome by a magnetic bearing
arrangement comprising at least one magnetic axial
bearing assembly 100 composed of at least one pair of
mutually confronting magnet elements 101, each magnet
element 101 being mounted to a respective part of at
least one of the pairs of parts of crankshaft 50 and
cylinder block 20 and of cylinder block 20 and rotor
61 and there being provided, to at least one of the

pairs of parts, confronting mechanical stops which are
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In the construction of figure 4 , a roller axia

bearing arrangenent is iIIust%ated, which is applied
npressor Wt h i PET/BR2005/000048

crankshaft 50 being vertically disposed and carrying a

rotor 61 of an electric notor nounted bel ow the

cylinder block 20 and the radial bearing hub 40.

According to the present invention, the prior art

deficiencies are overcone by a magnetic bearing
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_ con onsof a I"cirent
of hitleer ohbpresseKrot enperat ure and an axi al
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| soffet he atpedkBhaier sbhartzenal ko the cnsddustd Portion
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| 'efrcumferential arrangement.
In another embodiment (not illustrated), at least one
magnetic axial bearing assembly 100 is formed of
axially superposed magnetic rings.
In accordance with a preferred constructive form of
the present invention, at least one magnet element 101
is formed in a single piece.
The magnet elements 101 present a magnetic orientation
to produce a support of the crankshaft 50 which is
sufficient to guarantee the inexistence of contact
between the confronting surfaces of the magnet
elements which define the magnetic axial bearing, the
magnet elements being mounted in pairs of support
surfaces, one of these support surfaces of each pair
being associated with the rotating component
(crankshaft 50 or any component rigidly connected
thereto, for example the rotor 61) and the other

support surface of each pair associated with the fixed
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(not illustrated) , at |east one nagnetic axi al
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magnetic rings. In accordance with a preferred
constructive formof the present invention, at |east
one magnet elenent 101 is forned in a single piece.
The magnet el enents 101 present a nagnetic orientation
to produce a support of the crankshaft 50 which is

sutbinpbfBhtt qQ cguarmRire o 1dte: | NeXbst ange WmgdaCtrigidly
bet ween E%ﬁ gﬂyfrontingﬁﬁurfaces of .the nagnet .

el ERBRESTGHI CHTRTTRe e nadnePit dXi%l SBESFPRY, RRRTI1I
magaet , eltdmerd sbbéngg proontded | ntpaiats dkasupponé of the
su S, .@ne these t. surfages . eac X
be?%gggssggi atsg%)pv?/l%%h .tsﬁ%%% geast’i ngd‘ corrpoorggeln ) "wbBidnical
(cehARshatlti B0 areampigdmpoirsht SPagedl pReginebyegn axial

thgpgt ea %%bl@é%”@ﬁ%ﬂ'E%é?%éﬁhé%@qfﬁ%&éﬂﬁ?éﬁ*@ﬁ existing
support surface of each Eal r "assocj ated wiith the
fi @Hh’@ﬁﬁonéﬁﬂe (cGPRAGERCBIECck %f&}ceachy %Errp&r?@nt magnet

[)i ghéhmeg;mqt,edsd r@%et@, gﬁataﬁgagpl epidte tlﬂi@t es@@hrrence
earing.l , there bei ng _prqui ..La_at |least one . .
of OEhEHiaiTr TP LT PHIT T & UPF AaBSSOc s | Ephepot tat don
nmecohahheakospopsswi clr grreodwiant diynetergpacetuiapathchyases
an.axi = I t g [,C X

oxiBFLE BAR BOrRRRLE L M SRR, FBalD oe
magaetrensinat sston, ssgfaseaso godr ftuse, Jupsanteeing the

OCCHELEBEBNBE B almdH Pl ScerBat aBhedUean@HiNG 01 (the
transportation of the conpressor or produced by
t eMpEraEtife 2Fhele 888 thdsdeashe teshpiiticrnt i faces of

nmutHal magaktngletheatpailniohetenf bentigngesiyn surfaces

mOREPE G- BfofPs 151 FEHE Hragietiic St o dAT et hERe®

t heotonfarent imguhaeés oktwkennagriet ebrieht s siQfawmer of

begggpéﬁéﬂ%s'with mutual relative movement, so that the
latter support the axial load of the crankshaft
50/rotor 60 assembly of the electric motor 60
preventing said axial surfaces of the components with
mutual relative movement (crankshaft 50 and cylinder
block 10 and/or cylinder block 20 and rotor 61 and/or
crankshaft 50 and external bearing 120) as well as any
gsurfaces of the magnet elements 101 from contacting
during part or the whole operating time of the
compressor.
The axial force exerted on the magnetic axial bearing
agsembly 100 1s practically constant and of low
magnitude (around 12.0N), which allows using magnets
of small mass (around 1.0 to 2.0g) consequently of an
acceptable cost.
Both the dimensioning of the magnets and the selection
of the materials should be such as to guarantee the

lowest variation of the magnetic axial gap FM between



According to the present solution, the nagnet el enents
101 are nounted between the axial surfaces of

woanpmagaiss Wi th nutual rel atttfe novenent, so POBMBRR6DS/000048
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| atter support the axial |oad of the crankshaft
50/rotor 60 assenbly of the electric notor 60
preventing said axial surfaces of the conponents with
nmut ual rel ative novenent (crankshaft 50 and cylinder
block 10 and/or cylinder block 20 and rotor 61 and/or

Shﬁggfé%anglseﬁgﬁega' beari pg ;120 asyveldedse®Bre

su aces e magnet el enments 101 fron1contact|ng
durangepben - oA ke widiee pBeasingati neCofrprees of the

COHBhSSAOht s Thacatidalpd OfEe evekked misdilsl eragoetthat the
axi al bearln? assenbl 90 i S, pr iC II const-ant qg
of VP bW Raghi Hﬁemﬁgpgﬁn& IO ?&h' NS S s g LR
nHQﬂptSaﬂﬁ|Shalbxﬁ&islé&Edu@dffeﬁem@eZlﬁﬁgween the magnet
consequent an. a t : t. h
e
rmthm abweshoubdibé isuch resstiblguaTamicall Heoleymrtes for
variat Hgﬁeﬁglgﬁg g@%@.‘ﬂi'ﬁl Xirfls 0 EMdetieantdiesi tuated

cause t emper at t
Aléﬁouﬂﬁe+drﬁeﬁ§|é@aﬁ/r@l@ﬁﬁ%be%ggﬁﬁ¥h§£§%%%%%g%éoparound
fEOVLg bg?ﬁhfcbﬁm?@tf%%§§IMu& mgﬂﬁﬁﬂlﬁdﬁt\ﬂﬂnﬂﬁqménce in

e. magnet el enents e radi al_,nount.i
t hehgxVaripEdep HFPQSr@ﬁc%Eﬁepﬁggﬁtﬂﬁe %ﬁgﬁgﬁggfenents
10Acasddsagd adj aseat wiop fur taceyipgesent thkel owessent
variatlons pos: al f
dlﬁgﬁgpgﬁgnregar?' %ygh% of‘%ﬁ%ageggréaffégés defines

hese parameters are situated
ar eand g & Sl@émng Lareparing| efbppesedar ggigyind  the

=/ 20,0700k £ EanS@e Qﬁ?dieQ%E woh8 Qkie%b1@9n§€6E9n§@rfﬁces
he Varlatlon rana of t ermnetlc axi al

Acb@ﬁﬁEn@ﬂﬂ?ﬁﬂﬂ? o¥008P€yﬁH§ e PRE ﬁrég%n?rankShaft
I nw@ntd . an, -9t iheast wnecef 2bhe st opysuhbagesbletkned and

rotor 61, or crankshaft 50 and external bearing 120.
According to the illustrations, a magnet element 101
of a magnetic axial bearing assembly 100 is seated on
a lowered portion of an end of the radial bearing hub
40, the other magnet element 101 thereof being seated
against an adjacent surface portion of the peripheral
flange 51, said radial bearing hub 40 defining a stop
surface, and the peripheral flange 51 defining the
other stop surface of the pair of said stop surfaces,
said stop surfaces being disposed radially internally
in relation to said pair of magnet elements 101 and
having their axial gap FA axially leveled with the
magnetic axial gap FM of said pair of magnet elements
101.

Tn this construction, said lowered portions guide the
assembly of the magnet elements 101, defining housings
for the latter, which lowered portions can, for

example, retain or guide each said magnet element 101



an annul ar sliding bearing disposed around the
crankshaft 50, at |east one of said stop surfaces

woebosgosacor porated to one of fthhe parts of crapksBRR005/000048
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50 and cylinder block 20, of cylinder block 20 and
rotor 61, or crankshaft 50 and external bearing 120.
According to the illustrations, a magnet el enent 101
of a nmagnetic axial bearing assenbly 100 is seated on
a lowered portion of an end of the radial bearing hub

40pyt herpther npgggéceleaentid0d-hher eodi Hebparseat eghich

agal nst ,an_adj acent surface portion of_ the eripﬁera
il gﬁﬁé&ﬁ?’c@ﬁi R E’&Oﬁ&&swfd&herﬂpenél%%tw-

suptacediand tbe peei ppeeabnt| abgeehtiidefi nang 1b&st one
ot her _sto rfac f .t he pai.r said sto ur faces

sawagg?%pgggﬁFggegogeﬁﬁgI‘|5565%%1¥%6¥51V?Pi%?%rh%T$§s of
i ncrehishefitt §0saind pailri nofemigetk & raamt schindend block
haﬁbngnhh%_rto’l'ip(%ﬁl, Q3P cfﬁérﬂeg flty éoevaq{c?deﬂéﬂléfebearing
magneti c_axi al gap FM of sal alr of magnet_ el enents

10120} n PHi sagondersdt i oie s&fd 1Bwer e‘%ﬁ%ﬁﬂﬁéns”@‘aﬁﬁ@alr

thezassenh gxebrhhe eR@neh®e! Ry shddomefTid NBetention
housi ngs for the latter, which Iomer%%-portlons can

f oP LexZplt e MRSt nC PTG det BhcF S at @ naghgPeerdiEnt Part
10&bylthekr caespedt bvwe byt eirmalsahaneicemsand)) cds long as
facilitates the chinin rocess of these hausings.

reLbr T g RS by BaBne SR Gt | hst g O Stagnet
maghetneakengnfl 101 dslateien ned tbeometefizgi dhgdtt sobfthe

crapkshaft p0=gnd cylinder block 20 and cylinder bl ock
20 ang rotor g?, or crankshaft 50 and external bearing

128he Pyrah IfastaBhel 9FcTe@ pagraPny iencarmarlated so as
ragbal hysexter palatand Lirgh f acesitherenf . dihe reifdhsodnal
of each magnet gelepent 101 to the respective part ,

co‘dF‘HlBElegFri%“S I-]E‘{‘S BRI s ECGFERG Smebirs, 52‘61 ofggastic
i tagtial agbeeFM héctehetniddrt iwherofmeaaittedpginetlarger than

the axial gap FA defined between the confronting stop
surfaces where the lowered portions are located,
guaranteeing that, under operation or in a
transportation condition no impact will occur between
the confronting magnet elements 101, neither between
these and the other surfaces other than those
involving each magnet element 101 in the respective
lowered portion.

In the case the magnet elements 101 are mounted to the
rotor 61, each lowered portion preferably guideg the
respective magnet element 101 by the external diameter
thereof.

In another constructive wvariant of the present
invention, at least one of the stop surfaces 1is
defined by an insert which is secured to and projects
from one of said parts of crankshaft 50 and cylinder
block 20, of cylinder block 20 and rotor 61, or of

crankshaft and external bearing 120, said insert being



elements 101 in relation to the rotating shaft of the

crankshaft 50. The depth of each | owered portion is
woabasuhstsed so as to assure that, even consi dePCIMBR2ONE/000048

di mensi onal variations of the magnet el enents 101, the

magneti c axial gap FMtherebetween when nounted, is

| arger than the axial gap FA defined between the

confronting stop surfaces where the | owered portions

are | ocated, guaranteeing that, under operation or in

a‘fé?”%ﬁﬁm td o eeRdidd QP bPPaAGiWMdrB@lto one of
bet ween t confronting magnet el enents 101, neither

bePak@nPeKESe and the ot her surfaces other than those

:nYﬂ|VE%@ each usmgreie®l esdnprdfdorn tchestespedidne  the
over e

d portion.. In_the case the na el ement
o EREGRRREC oPhe DFBREFtET. SALRITRIAYeG Ghy eAst  one
5 preéetably grodes time iespestiamnamgmetfelcenendefoniby 2
th%e?é&%%@@% q% fﬁc#§@rﬁﬁﬁ_'cﬁgnﬂgPthﬁf_throu h which
constructive variant of the present invention, a
| ebbe dnbrofanke odtloptometadas the Rabrs By Hhe ittt 10
whi ch ﬁ@é@&y{e%@@d Phej eslSeff M one il sahdnnel 53
parts of crankshaft 50 angff |Iﬂd%§ ?lOCkﬁégﬁﬁﬁf .
cyPFREBRLEI G8k 20! ahBlFbt f 9 ofneta frapef) in
10 exEephal td@g&gimg:atao?l ,wisth dchaseubrhebngf arilexanplde athe
pin nt.e interference,_to,_one of sai ts
th@hgﬁﬁugﬁ%at%ﬂdcéﬁbfﬁggo?uE%%EtP@ﬁ%ﬁnéﬁgtEgg bpdilta o
cr ahkshbdwe 50 epriesefit 3n exneddaleldy, aaial eastl oggannel 54
hel Egg‘ﬁd%ﬁoo}:{foh RS e)gcled'é;:}ﬂéarﬁé”fpﬁﬁ%icg‘?f IS ngnah which

regpe 've superficral ol nnel 53 t hrough whic ,
t heohdbeicsantl Widiaansr edPih the badt ofref tieEshett 1821d

15 1 S HPWAKGL W @gﬁ@ggﬂlgﬁq superfici al oil channel 53
Pr %%enstuschantgélesl glfetoillo\/\gémpelnr?g ,( ngiaelchgEfStc%arteedghci)unld be
taken to avoid centrifugal radial oil escapes in the
region of the adjacent end of the radial bearing hub
40, which results in losses and reduction of pumping
20 efficiency for the eccentric portion 52 of the
crankshaft 50. Particularly, special care should be
taken with the construction of the magnetic axial
bearing disposed in this region of the radial bearing
hub 40, in order to prevent the oil £from leaking
25 radially through the axial bearing region in its
ascending path.
In order to avoid the centrifugal radial oil escapes,
the bearing arrangement of the present invention
comprises a deflecting means carried by the crankshaft
30 50 itself and which is disposed so as to conduct to
the interior of the oil channel 54, most of the
ascending oil flow reaching the oil outlet upper end
53a of the superficial oil channel 53, minimizing the
centrifugal radial escapes of said ascending oil flow

35 in the region of the adjacent end of the radial



fluid communi cation with the lubricant oil inside the
shell 10, and an oil outlet upper end 53a opened to

wohaosioesss end of an inclinedidxial oil channePCBE®BR2005/000048
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provi ded al ong the eccentric portion 52 and which
conducts lubricant oil to an end face of said
eccentric portion 52 . In such types of oil punping,
speci al care should be taken to avoid centrifuga
radial oil escapes in the region of the adjacent end

of_the radial aring hub 40, which results in |osses
a&ﬁ*?@ﬂﬁ%??%ﬁf%f‘punping efficiency for the eccentric |,
pditd cre Bz afindenerankenisgs Boat FRTE cafakhg, ré‘ﬁiééhapll
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%ﬁﬁ%ﬁ]i%gﬁﬂ%ﬂéﬁgd dr ytﬁgeé%% SEn afitnphhi tSel fwhich

a _ 0sed soO as to C to the interior
ofptdreemis diamnedibsg frpst lepkimg afedmasly d&he f magnet

reathidg 4 heo oi liioulely URRSfeBNd1RBap@Ft§hef crankshaft
superficial oil channel] 53, mnimzing the centrifuga

r dell adndseapbader BhPE<askending oil flow in the
regh, opn9k tihe wadiacen esdspfutbeveadioalbeaf i bhehghresent

40, The defl ecting ns, nakes that .par f..th '
(ﬂ}nY¢%E&?%ceF%&jqé%ﬁ%ﬁ?%?% B%aFgrégg %%oﬁﬁﬁj%éﬁmlgk &
upg@m??yt pEneﬂ@apbegdimnshdeothecbaﬁn@ha&QQ%/54éshaVin9
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opened to the inside of the internal oil channel 54,
the end 111 being axially spaced from a lower plane of
the magnetic axial gap FM between said magnet elements
101.

For mounting the conduct 110 inside the oil channel
54, the former carries, in its opposite end 112, an
expanding portion 113 in the form of an arc which is
resiliently forced to a compressing condition so as to
mount the conduct 110 inside the oil channel 54, said
condition being maintained by the seating of an
external surface of said expanding portion 113 against
an internal surface of the oil channel 54.

Tn another embodiment of the present invention
illustrated in figure 7, the deflecting means 1is
defined by an axial wall portion 55 of the crankshaft
50, provided between the oil outlet upper end 53a of
the superficial oil channel 53 and the lower end of
the oil channel 54 of the eccentric portion 52, said

axial wall portion 55 extending along the crankshaft



bearing arrangenment of the present invention which
prevents the oil from |l eaking between the nagnet

wehersmasse 101 di sposed betweeld t he parts of cr aak®BRa605/000048
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50 and cylinder block 20. In this illustrated
constructive formof the present invention, the
deflecting means is in the formof a conduct 110

di sposed inside the oil channel 54, having an end 111
opened to the oil outlet upper end 53a of the

superfi ci aI oi l._ch nneI and_-ap, ap i 2
ophetfr t b°¢RE RsiGS 8?%¥he |%§egﬁglegglkﬁhanqg%} gt the
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anﬂmhelaemandlhenungfamhyﬁmﬁéseﬁﬁi|@N@#&@%n0pen€d to the
Lhyééf ate%%l ' Bff I gHL€ cﬁ_l tJ}?arg'?él egly NgnALansS ISver end

ed by an axia portion 55 of the cra kshaft

5cponp¢mmd@1delb@<tiwé@nth|¢e B ik WRRRF ehd 53% &F the

trEhﬁ%%@&éi§13619|bh%ﬁ@%ﬂﬁhiﬁ3 2115 p@elbnmealen@nmbur of
t he 0|I channel 54 og t he ﬁccen ric.portion 52

axdtal 1RaPF 581 i oh aPShg €S an sha#'1 5Pt
aIcE£@§é1IB4thefﬁagmgnaﬁ iﬂuefmhbceumteud 6brt lgdhe axial

r adi b 40. In a way of carrying out the
pr%%ﬁ%tp?ﬁ 3 % the oil channel 54 has gart of its

exWEﬁSeonnbyomnée@qnahnuyummnoﬁaﬂ%@h@¢t05 Y PRepair of
Congénggt Lo bhiustrat ed d nofhQuE€d TpetB8n the cylinder

block 20 and the crankshaft 50 has been illustrated,
the present arrangement also applies to the parts of
cylinder block 20 and rotor 61, or to the parts of
crankshaft 50 and external bearing 120, whether
separately or simultaneously.

Depending on the dimensions of the compressor
components, it is possible for the minimum dimensions
of the magnet elements 101 for a given magnetic
material to present a very high supporting capacity,
resulting in very large mechanical gaps (FA) and
magnetic axial gaps (FM). The adjustment of this

supporting capacity of the magnet elements 101 can be

obtained by mixing the magnetic material with polymers
by processes, such as metal injection (injection
molding) .

Although not illustrated, other configurations for the
bearing arrangement within the concept presented and

claimed herein are ©possible, for example with



present arrangenment further conprises an oil passage

56 defined inside the crankshaft 50 and which is
wonvwroagd3ct o and spaced fromt peri pheral cORCODBR2a5/000048

the latter, having an upper end portion opened to the

upper end of the oil channel 54 and a | ower end

portion opened to the oil outlet upper end 53a of the

superficial oil channel 53, the peripheral contour of

at | east one of the parts of oil passage 56 and oi

chal lmmlngt'éfﬁndiﬂj;si nijn\}\%«_z}airtﬂ rl?l% r@i@@r@?uma%@étt é@eﬂéh@ﬁ 101

wa Qrtion : i on one _.construction in iC ,

onfayreg & PHi eéofa}ﬁ%féin% %P%Fr%ﬁt ETPP thfe Frdvi deftaces in

betrwéert itdre cybi nddridi oclkead@ andaihe arvankshkaftids® are

hagReen sildustyaled. e present arrangenent also

appfies to the parts of cylinder block 20 and rotor
5 61Wish ttda hegfamss Bfrangatastafel sthanpresert nahvention,
beari pgt18r0 enaiRither seRAr &LELY¥: 08 SIIRELAREOUS| Yor  the

Dependi ng on the di mensions of the comnmpressor |
coffPBREFESOT 18 Stfeidiast e FHGHY nfif MwTarRbeal ohgsses
of ahHe ndgret] esledrerifs tHl doafpragioten magnetic
material to present a very high supporting capacity,
resulting in very | arge nmechani cal gaps (FA) and
magnetic axial gaps (FM . The adjustnent of this
supporting capacity of the magnet elenents 101 can be
obtai ned by m xing the nmagnetic material with polyners
by processes, such as netal injection (injection
nmol di ng) . Although not illustrated, other
configurations for the bearing arrangenent within the
concept presented and cl ai med herein are possible, for
exanpl e wi tharrangenents in which the pairs of magnet
el ements 101 are provided axially spaced fromthe stop
surfaces in relation to which said pair of bearings
are



operatively associated. Wth the bearing arrangenent

of the present invention, a better energetic and
wacosawsse per f or mance of the C%ﬁpressor i s att aCMMaR2005/000048

reduci ng the nmechani cal | osses and noi se |l evels of the

conpressor. CLAIMS 1 . A magnetic axial bearing

arrangenent in a reciprocating hernetic conpressor,

conprising: a cylinder block (2 0 ) nounted inside a

shell (10) and carrying a cylinder (30) and a

vertically disposed radial begarmgg hub (40) ; a

crankshaftdéa nmpunt ed .t hrouygh tThe radi al bearlng hub

| TP 1 e RO pr Greerpegent tn
outmmuxﬂmoéatﬁmg*nahemmaﬂlcbeacomgrésbot4 0 gompudising: a
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an &bp05| second €n I'On projecting ou war dI
5f r arauthei naadiaal cwéaniiﬁg hid0)( 4a0d) and driciorpblat |dr:@pa>sed

peripieral Jfdange, (kb apdhan %Ccéféﬁkghg%“ e X SZbunted

charact eri zed I'n that 1t conprises at |east ane
madietaustaxi e %@%w%gb%gb%ngu?mésﬂca ofeyigg a first

rmgarrﬁi e erends ( Qéjew:_t_ﬂ W&ua«lvhydmg}nf @bl Nghlkacesdial

net el e (101 nmount ed t
oS i gf Ok 01) Belng munte FREPE of Shhr (@ an
100fe£Mﬁﬂkﬁhﬂftmé5@j aeoryl i adé@r a&hockpp2B)tandsefcond end
CYDIEIR! BEK 0B IR P 1 con! ML BELEL besring
coﬁfulont(ﬂﬁg mdmanm@lrpw@psn@h@hp@rrém@irmlai heange (51)

spaged éﬂaretc&)hta.crica e O8R (52)  smald&lcdddy&@y in that

magneti c axial gap ( exi sting be
confly oIQURE¥IRTs F tIRAShagReE eMePBRtL q 13518,y bearing

150”¥ﬁ8éﬁbgwaﬁ@Obﬁecbﬁ@bsedp@ﬁ(Mééﬂéﬂnélé&ehEQStl©m$ with
of t d|t|o fficientl h increase
{ha" oo BB T SRBLIAPu e ERd &7 Ui PR EpP SEBRERt (LOL)
ofbﬁﬂﬁbrmwmﬁtdﬂrtogatm&m¢@@tﬁ&b(yamﬁ d¢heatorpressomne of
the pairs of parts of crankshaft (50) and cylinder
block (20) and of cylinder block (20) and rotor (61),
20 there being provided, in at least one of the pairs of
parts, confronting mechanical stops which are
maintained spaced apart by an axial gap (FA) smaller
than a magnetic axial gap (FM) existing Dbetween the
confronting faces of the magnet elements (101) in
25 order to guarantee that, upon occurring at least one
of the conditions of a sufficiently high increase of
the compressor temperature and an axial displacement
of said parts during transportation of the compressor
cauging the wmutual seating of the confronting
30 mechanical stops, the magnetic axial gap is maintained
higher than zero.
2. The arrangement as set forth in claim 1,
characterized in that it comprises an external bearing
(120) which is seated on the cylinder block (20) and

35 operates on an extension of the crankshaft (50),



causi ng the nutual seating of the confronting
nmechani cal stops, the nagnetiﬁ axial gap is nmaintained
waigis@vsishan zero . 2 . The ar anenent as set PCOMBRR0G5000048
claiml1 , characterized in that it conprises an
external bearing (120) which is seated on the cylinder
bl ock (20) and operates on an extension of the
crankshaft (50) ,external to its eccentric portion
(52), and in that between said cylinder block (2 0)
andeex¢éensnl theatt®gect2ndrlci SPdﬁtsipﬁsecwa)r;ragﬂ@ii €n that
axi beari ng.assenhl 100) .. 3 The arrangenent .as .
setgl SYTRY ﬁg% aic%q%r%ée(ghg)&z%:t r 13% ‘?lﬁgt FAF tna;ie Rering
one(1b20} héscobispnsedg anechanetht odps detanesgamssembly
anngy @y sli ding bearing disposed around the crankshaft
(52; . 4 . The arrangenent as set forth in claim3 ,
chat act 8PPze PTFPRIRIACRE | @6st e ofOFRE cotroftpag 1.
?goc&ad%@@&eﬁ@@é Eﬁsitiﬁl(é‘&rh Rer atatit necef tﬁt@ ;&d}ﬁ]ﬂqﬁuting
. 20, 61) . ., _Ihe arrangenent as se or in
o ML Gy SRS 286L P A aRPPBASE oRbl $1B@hdearing
coignised apchadi cthe stapkshsfdefsopd by an insert
secyr ed and jecting fromone of sajd parts (50
20 AP ZO:ﬂlgl) a}rlg{géﬁrﬁéen%rrgﬁgeﬁsee% agoggb for'th Fﬁﬁalm 3
10c| s¢madactenbredt éni zbdti mtt Haastheommgnét tékeementfronting
1 g j i al ' senmb, ( . qar
éegﬁ%}%ﬁ%@oﬁg?g% g)oér ?inon%g{drg%egd ofé%feﬁeér@a%i alda parts
beat?hg #ub 2%0)61) the ot her magnet el ement (101) of

thes ._sanr&'hf@ai Lalb@ﬁ@eﬁm@ Fd??gaig&t( 5«'ilﬂoaahapem 3@1?%6 1,
portion of the peripher nge , said end o ,
Phetidindhetifel ninNTE-Eaa dotat fii’ ebnkpontioRg zont ing
1smeaharharad cst optapd the gefipbdr dy fhangeddrt) secured to
mﬁéﬂan%r%g%cgﬁgg-from one of said parts (50, 20; 20,
61) .

6. The arrangement as set forth in claim 1,

9]]

characterized in that the magnet elements (101) of a

20 magnetic axial bearing assembly (100) are seated in a
lowered portion of an end of the radial bearing hub
(40), the other magnet element (101) of the same pair
being seated against an adjacent surface portion of
the peripheral flange (51), said end of the radial

25 bearing hub (40) defining a confronting mechanical
stop and the peripheral flange (51) defining the other
confronting mechanical stop of the pair of said
confronting mechanical stops which are disposed
radially internally in relation to said pair of magnet

30 elements (101) and have the axial gap (FA) thereof
axially leveled with the magnetic axial gap (FM) of
said pair of magnet elements (101).

7. The arrangement as set forth in claim 6, in which
the crankshaft (50) comprises, on 1its external

35 surface, at least one superficial oil channel (53),



confronting nmechani cal stop of the pair of said
confronting mechani cal stops ich are disposed

woadisabsasei nternally in relati to said pair 8CTBRZONS1000048

el enents (101) and have the axial gap (FA) thereof
axially leveled with the nagnetic axial gap (FM of

said pair of magnet elenents (101) . 7 . The

arrangenent as set forth in claim6 , in which the
crankshaft (50) conprises, on its external surface, at
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ou et anxﬁ#leﬂdtiﬁeaypppeneddtdSBbéIammnedwmbothanlower
OLsxehdneln (o) defhied BLonaal i £6Colnl e RO Liay ric
(52) characterized I n ri Ses

5 me &S td&ry i 682Dy ti@ﬁ%ﬁ%ﬂ (150)thﬁ§elitar¢d>mprlses a

di @a@a%@ti@lgasnetam@%&%ﬂed &y hend nsi-giei of o Ehe (925 itself
chan % ggpst of the ascendlng oil flowreac

t h&" &° ditt IBEHCHIER Hers uperidei af bhe oil
chahaalne(L53954 m mbat ziofg ttHee @@@éﬁdiﬂ@ablﬂadﬂ%w reach:l.ng

eSEﬁ@e§x£ﬁ SR Sﬁ&Q%Ingn Igp%'gg@kﬂ&: & r%g Plc%pl oil

he adj acent en e ra
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n axial wal ortion

prBSFd@QJB@F%éeﬁnéh@foﬁheo@ﬁﬁéﬁlubﬁ@ﬁl@ﬁﬁlnﬁeaﬁivf t he

super f itical gitaghansat (53 apgd:thed.Quer Hd U lhe 7,
0|Ihchan el .(54) .of the eccenérlc portion (52) said

ax+féiiﬁﬂai_§%ﬁé It (@Rt ShendehiesrsRg faner drikstafined

(50y at leedstl iwallhepsegian 0$5Ihe£?;&2@cg%tear§%%t:t§o>
adlpluear LonUR (1D) g1y O TOR, BRERDDSTED 25,51, 1.
anS‘éWr%h@%aéeO(l%)ch@meded(53')S|edeithhecnawbxh@frfd (0)the
angi whizghnhe1 (54) of the eccentric portion (52), said
axial wall portion (55) extending along the crankshaft
(50) at least in the region of the adjacent end of the
radial bearing hub (40).
9. The arrangement as set forth in claim 8,
characterized in that it comprises an oil passage (56)

defined inside the crankshaft (50) and which is

internal to and spaced from the peripheral contour of
the latter, having an upper end portion opened to the
lower end of the o0il channel (54) and a lower end
portion opened to the oil outlet upper end (53a) of
the superficial oil channel (53), the peripheral
contour of at least one of the parts of oil passage
(56) and oil channel (54) defining an internal contour
for the axial wall portion (55).

10. The arrangement as set forth in claim 9,
characterized in that the oil channel (54) has part of

its extension provided inside the crankshaft (50) .




internal to and spaced fromthe peripheral contour of
the latter, having an upper end portion opened to the

woamsroogsd of the oil channel ¥%4) and a | ower PEMEBR2005/000048

portion opened to the oil outlet upper end (53a) of

t he superficial oil channel (53) , the periphera
contour of at |east one of the parts of oil passage
(56) and oil channel (54) defining an internal contour
for the axial wall portion (55) . 10. The arrangenent

as 19et foméh bRrehalemedtr, charagéeri zegchn that thgim 7,
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supenhi Gl 8 loghannel &R3) (ansh ﬁ@ﬁ)@ﬁ@@s*ﬁ)etﬁ@dlﬁél)@a of

opened to the jnsjde of the |nter channel
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13. The arrangement as set forth in claim 1,

characterized in that the magnet elements (101) are

obtained by a mixture of magnetic material and
polymers in order to adjust the supporting capacity to

minimum dimensions of the magnet elements (101).



