VACUUM PUMP This invention relates to a vacuum punp. Vacuum punps typically
conprise an inpeller in the formof a rotor nounted on a shaft for rotation
rel ati ve wo 2a06ssié9eundi ng stator. The shaft is support e@ChyGBRoMaMI4B]
arrangenment conprising two bearings |ocated at or internediate respective
ends of the shaft. One or both of these bearings nmay be in the form of
rolling bearings. Usually, the upper bedr-ing is in the formof a magnetic
bearing, and the |lower bearing is in the formof a rolling bearing. As
illustrated in Figure 1, a typical rolling bearing 10 conprises an inner

race 12 fixed relative to shaft Q,A(_g]juwhp'ugw, an outer race 16, and a

plurality of rolling elenents 18] Dy a cage 20, for allow ng
relative rotation of the inner race 12 and the outer race 16. The rolling

bearing 10Q.is. | ubri cat t.o establish a |oad-carrying filmseparating the
beari ng c%r%% XRTLOR F?lg%lsltpr?gv%%rglpym%g contact in order to mnimze

friction and wear, and shield elenents 22 are provided to resist seepage of
| ubricant out of the rolling bearing 10. A nounting arrangenent for

suppor § i nyachem pumpa dynieallyi eanpadsen impetieieingbaiorss ep piretws raourigdal

el ast oneri B i it 1.0 gfa&mi e ace 16

and a housolﬁ:]nég:;i porﬁ?éﬁfa@gnf?r élra%ggrtr%ian%ﬁgoalrl alg%%%@%{gagﬁaf% %eSMOZ’Fe(i ace 16,

and an axibgla eéatigarangerdenptagprising t88 tpesirgsdnestebett vedtteanediate f ace of

the. out or TPSREENYE 605 o ST WRAENH GpesbhestdGrsday b BN < h use of
Vi br at on 0 PRIOIIRSATE SRR, IS phPSeding® A e RAMEOHET | Ceati ons are
al so nequimaghetiobedyingnand thealowertheariagtisiimtrexdoan efsnpilling béaring.s requi red
for beneficial axial to radial stiffness
As illustrated in Figure 1, a typical rolling bearing 10 comprises an inner race
12 fixed relative to shaft 14 of the pump, an outer race 16, and a plurality of
rolling elements 18, supported by a cage 20, for allowing relative rotation of
15 the inner race 12 and the outer race 16. The rolling bearing 10 is lubricated to
esfablish a lbad-carrying film separating the bearing components in rolling and
sliding contact in order to minimize friction and wear, and shield elements 22
are provided to resist éeepage of lubricant out of the rolling bearing 10. A
mounting arrangement for supporting the rolling bearing 10 With-in the pump
20 comprises a radial elastomeric damping ring 24 positioned radially between
the outer race 16 and a housing portion 26 for damping radial movement of
the outer race 16, and an axial elastomeric damping ring 28 positioned
between an end face of the outer race 16 and the housing portion 26 for
damping axial movement of the outer race 16.
25
There are a number of problems associated with use of radial and axial -

elastomeric damping rings 24, 28 for attenuating vibrations within a vacuum

pump.

30



contribution, and precise |location of a thin axial ring requires conpl ex
machi ning to ensure dynamc stability. Radial danping rings require ful
grooves fwo @/i3addhe axi al | ocation. These grooves havertirgigodanoessances,
requiring difficult and expensive machining, and can be difficult to clean,
| eading to contam nation and premature bearing failure. Secondly, good

vi bration isolation of a turbonol ecul ar2punp requires the nounting
arrangenment for the lower rolling bearing 10 to have a | ow radi al
stiffness. The overall radial stiffness of the nounting arrangenent

descri bed ppay ecérﬁPIéX%a?Hﬁthrlrfd“lécéﬁérH aRs lsefregrg%‘ed £ ng)na ik Y ng 24,

and a further’stiffness rel ating to shear defornmation X|a darrpl ng
ring 28. Hoinexial sarpingring ﬂﬁjfﬂqwmdrfesbeoéfltﬂab@mairterradlahahﬁﬁmsﬂ restricts

the m ni Iff usi.ng.radi al. and axi al el astoneric
danpi ng P}& i'%{ﬁ@ﬁ %é $%§35®@&'8Q03 Hha@‘apgn%ecyl%mpl% mat eri al
suffers f rrﬁammnmgﬁomuﬁé d@samicedtality. ORauiaﬂaénipﬂﬂjirm@ AsjuEeIc material
al so softens due to interaction with a | ubri cant™ di scharged fromthe

bearing. S5PPRH ey reffabieaxigk|ogetigandi h%e@rﬂgvemha\e%@bt tolesageesar nodul us of
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arrangenent ower ere y un eS| ra ng the

vi bration leadangmmsentazmmatldsman@lpn@nhtwelbwrWQtﬂallmenE The stiffness
characteristics of elastoneric material are highly non-Ilinear, and change
markedly with tinme, tenperature and interaction with [ubri cant and so

there is cHdopaly, x;oaavﬂsﬁsﬁéms%laﬂr@l St g.?rboﬁquj%ulefnr%urﬁé g&? £het he

stiffness and danp ng characteristics uring use. In
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above is the sum of the stiffness of the radial damping ring 24, and a further
stiffness relating to shear deformation of the axial damping ring 28. However,
the minimum hardness of elastomeric material restricts the minimum radial

15 stiffness attainable using radial and axial elastomeric damping rings.
Furthermore, over a period of time elastomeric material suffers from creep
and stress relaxation under load. Elastomeric material also softens due to
interaction with any lubricant discharged from the bearing. Softening of the
axial damping ring increases the shear modulus of that damping ring and thus

20 the effective radial stiffness of the mounting arrangement for the lower
bearing, thereby undesirably increasing the vibration transmission to the

~ pump housing with time.

The stiffness characteristics of elastomeric material are highly non-linear, and
25  change markedly with time, temperature and interaction with lubricant, and so
there is currently no accurate analytical model for predicting the stiffness and

damping characteristics of the damping rings during use.

In addition, it is normal practice to carry out low-speed coarse balancing of the
30 pump using a “slave” rolling bearing fitted to the rotor, so that the “final” rolling
bearing that will be used during normal use of the pump is not subjected to

excessive loads during balancing. When the final bearing is subsequently



bearing that will be used during normal use of the punp is not subjected to
excessi ve | oads during bal ancing. Wien the final bearing is
subsequenvbybidi3ecd4t 0 the rotor, there is however a degree/afoeadoadsance due
to the differences in fit and raceway run out between the slave and fi nal
beari ngs. Consequently, high speed bal ancing nust then be perfornmed when
the final bearing is fitted to the roter3d-Since the stiffness
characteristics of elastoneric material change with tine, tenperature and
interaction with the bearing lubricant, the dynam c properties of the punp

change durfing) ahaneid?Jherdishowerstss He?@éé oMfRARTRd dud Regdur ation of the

bal anci ngsé).rocess to accommodate the variation with time of the nechani cal
pr oper t i esdii¢reniees imiihand gacawanyeneuitbetiveendhaslayverarst firal beagisgst he

preferred odi nents,_of the present inventiopn to seek ta solve.these and
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tur bonol easdaringvis Gike o E@ roteLMBIHcel the sffieys charaatstistics oF elastoipeArt ed by a
beari ng arrangenent for rotation relative to the housing, the bearing

ar r angénerfatesiahehangry Wihiieae itagpsipluse eed interamdion withithe bearingaxi al

direction rest b . : S} | r anpulk ar
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si gni fi cardfandepseiped. Location features for the resilient support can be

much sinplifiéd, and thus | ess expensive to machine. For exanple, no full
grooveldmay be provided for nounting of the resilient support. In conparison
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seek to solve these and other problems.

The present invention provides a vacuum pump, preferably a turbomolecular

15 vacuum pump, comprising a housing and a rotor supported by a bearing
arrangement for rotation relative to the housing, the bearing arrangement
comprising a bearing supported in both radial and axial directions by a
resilient support comprising inner and outer annular portions connected by a
plurality of flexible members.

20
The radial and axial elastomeric seéling rings of the prior art are thus replaced
by a single resilient support. As only a single resilient support is required
instead of, as in the prior art, two separate damping rings, costs can be
significantly reduced. L’ooation features for the resilient support can be much

25  simplified, and thus less expensive to machine. For example, no full groove
may be provided‘ for mounting of the resilient support. In comparison to thé
installation of two separate damping rings, installation of the single resilient
support is relatively straightforward.

30  The flexible of the resilient support may be readily designed, for example
using finite element analysis, to have predetermined flexure characteristics

adapted to the vibrational characteristics of the rotor. The resilient support



support is relatively straightforward. The flexible of the resilient
support may be readily designed, for exanple using finite el enent analysis,
to have pwededsmmioned fl exure characteristics adapted tecrla2idmad4sonal
characteristics of the rotor. The resilient supportcan thus be designed
with a very low radial stiffness, in the range from50 to 500 N nm
preferably around 200 NNmm to neet the4required rotor dynam cs of the
vacuum punp. As the axial danping ring of the prior art is elimnated,
there is no contribution fromsuch a nmenber to the overall radial

sti ffness,camfius BeldussididplvithaNay 16WirhERe SEmTeds, h}?thwayﬁgb%mlsm 4 ew of

this, acceptable levels of transmtted inbalance vibration may be achieved,
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el ongat e, theeListr® canthbuticiHRonesidhed herabac@thel dverdlt adiflestiffiBes, amg out er
annul ar portions. In theHPreferred enbodi ment, these nmenbers are
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support maybaEncemesultingtitom tiee difidrénces of fitenal racewantren-oak of Wave’as

tenmpered steel., alum.nium titanium osphor bronze, beryllium copper, an

b1y of ARG ReRHAOSn Asia EEPUs Mo HialhBBaed PRIATRIS BREEe Rbned | ness. of
the resilient support is dependent on the geonetry of the |eaf springs, and
not on tenperature. At relative low radial stiffness, there will be no

si gni fipcammackrefdpe flexibée manebersas pozfetably anralergate atceptemeonbeaf f ect s t hat

wi |l chan L adi StLLTr f the silient support with time. The
resilient %2'8%%@'?%8?@%%?%{: wgztﬁsﬁmg%[saréd’ §N§F§PPPW&%P%9%S( \éYlnc}E?i ning said
preferred embodiment, these members are circumferentially aligned. The
flexible members of the resilient support can thus provide integral leaf springs
of the resilient support, and hence determine the radial stiffness of the

15 resilient support.

The resilient support may be conveniently formed from a metallic material,
such as tempered steel, aluminium, titanium, phosphor bronze, beryllium
copper, an alloy of aluminium and an-alloy of titanium. [n this case, the

20  stiffness of the resilient support is dependent on the geometry of the leaf
springs, and not on temperéture. At relative low radial stiffness, there will be
no significant creep, stress relaxation or lubricant interaction effects that will

change the radial stiffness of the resilient support with time.

25  The resilient support preferably comprises a plurality of slots defining said
flexible members. In one preferred embodiment, means are provided for
supplying lubricant or other fluid fo the slots to provide load-bearing damping
films. During use of the pump, the bearings are subjected to vibrations
brought about by certain imbalances in the rotor. During these vibrations, the

30 hydraulic damping films provided by the presence of the lubricant within the
slots of the resilient support are compressed at a certain angular location, and
the vibrations drive this point of compression about the resilient support. The



flexi ble nmenbers. I n one preferred enbodi nent, nmeans are provided for
supplying lubricant or other fluid to the slots to provide | oad-bearing
danpi ng fwbrmoe/Buwitng use of the punp, the bearings arePsulyB20t6a01448

vi brations brought about by certain inbalances in the rotor. During these
vi brations, the hydraulic danping filns provided by the presence of the

| ubricant wwthin the slots of the resil-i®ht support are conpressed at a
certain angul ar | ocation, and the vibrations drive this point of
conpressi on about the resilient support. Thepresence of | ubricant
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vibrations, thereby attenuating the transfer of the vibrations to the
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reservoir 0 resilient support and in fluid conmmnication with
BTSN h8%p

t he sl ots. FEUTERE oi may conprise an annul ar groove forned
in an end surface of the resilient support, fromwhich fluid is supplied to
the slots. A second fluid reservoir may al so be provided by another annul ar
gr oove 5f or lR&iflYid SURElYOpE8SS eaypaMplise adliidresarwoir igated en thappsilientand in
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| ubricant to the bearing during use o punp. For n order to
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rotor. | n dgiflid within the resilient support. This can enable the pump to be utilised in
any convenient orientation without the loss of lubricant from the resilient
support.
15
In another embodiment, a fluid pump is provided for supplying fluid from a
source thereof. The pump may utilise the lubricant source used to provide
lubricant to the bearing during use of the pump. For example, in order to
supply \ubricant to the bearing, means may be provided for'~supplyihg a
20 lubricant to the rotor from a source thereof, with means provided on the rotor
for conveying the lubricant to the bearing with rotation of the rotor. In one
preferred embodiment, a felt wick feeds lubricant to the rotor. A conical
surface having a diameter increasing towards the bearing is provided on the
rotor, for example, by a conical nut or by an integral surface of the rotor. With
25 rotation of the rotor, the lubricant travels along the conical surface, and at the
end of thus surface is flung into the bearing. Means are then provided for
supplying the lubricant discharged from the bearing to the slots of the resilient
support. For example, the bearing and resilient support may be located within
a cartridge attached to the housing, the cartridge at least partially defining an
30 annular cavity for receiving the lubricant discharged from the bearing and from
which the discharged lubricant is supplied under gravity to the slots of the

resilient support.



preferred enbodinent, a felt wick feeds |lubricant to the rotor. A conical
surface having a dianeter increasing towards the bearing is provided on the
rotor, fowoesemshies by a conical nut or by an integral ®uriGBreosninidsbe
rotor. Wth rotation of the rotor, the lubricant travels along the conical
surface, and at the end of thus surface is flung into the bearing. Means
are then provided for supplying the | ubBi-cant di scharged fromthe bearing
to the slots of the resilient support. For exanple, the bearing and
resilient support nay be located within a cartridge attached to the

housi ng, the cartridge at |east partially defining an annular cavity for
receiving the lubricant discharged fromthe bearing and fromwhich the
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In another embodiment, at least one elastomeric damping member is located
15  between the inner and outer annular portions of the resilient support. For
example, one damping member may be configured to provide damping of
radial vibrations, and another damping member may be configured to provide
damping of axial vibrations. Each damping member may comprise an
elastomericring located within an annular groove formed in a respective-end
20 surface of the resilient support. As no lubricant is then required to produce
damping films for damping vibrations, the pump can again be utilised in any

convenient orientation without the loss of lubricant from the resilient support.

Means may be provided for axially locating the bearing and the resilient

25  support within the housing. It is advantageous to allow the bearing some
radial movement in order 1o reduce the transfer of vibration‘from the purhp
rotor to the pump housing, caused by residual imbalance. As the resilient
support may have very low stiffness, when there is high imbalance there may
be a relatively large rotor and bearing displacement. To avoid contact

30  between the rotor and the stationary parts of the pump, in particular between
the blades of the rotor and the stator of the pump, the axially locating means

may conveniently provide a radial stop surface for limiting the maximum



danpi ng of axial vibrations. Each danpi ng menber nmay conprise an

el astoneric ring located within an annul ar groove forned in a respective
end surf awe 20d66/t3l@4r esi | i ent support. As no |ubricant i ecrleBroscgussed to
produce danping filnms for danping vibrations, the punp can again be
utilised in any convenient orientation without the |oss of |ubricant from
the resilient support. Means may be previ-ded for axially locating the
bearing and the resilient support within the housing. It is advantageous to
all ow the bearing sone radial novenent in order to reduce the transfer of
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the resilieéent "supp et ween an axially extending outer
surface of the outer race and the radial stop surface. The cl earance
bet ween t he outer rﬁfg?and the radi al , stop surface can thus form a danpi ng
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Pr ef enp ed akigddamgdn@gf the present invention will now be described, by way
of exanple only, with reference to the acconpanyi ng draw ngs, in which:
Figure 1 illustrates a cross-sectional view of a known rolling bearing;

Preferred features of the present invention will now be described, by way of

example only, with reference to the accompanying drawings, in which:
15 Figure 1 illustrates a cross-sectional view of a known rolling bearing;
Figure 2 illustrates a cross-sectional view of a turbomolecular vacuum pump:

Figure 3 illustrates a close-up of part of the vacuum pump of Figure 2
20 illustrating a cross-sectional view of a rolling bearing supported by a first

embodiment of a resilient support;

Figure 4 is a perspective view of the resilient support of the vacuum pump of
Figure 2;

25
Figure 5 illustrates the supply of lubricant to the resilient support of the

vacuum pump of Figure 2;

Figure 6 illustrates a cross-sectional view of a rolling bearing supported by a
30 second embodiment of a resilient support; and



Figure 2 illustrates a cross-sectional view of a turbonol ecul ar vacuum
punp: Figure 3 illustrates a close-up of part of the vacuum punp of Figure
2 il ust rwoi2zog/B31690ss-sectional view of a rolling bearipog/cBp@onied by a
first enbodiment of a resilient support; Figure 4 is a perspective view of
the resilient support of the vacuum punp of Figure 2; Figure 5 illustrates
the supply of lubricant to the resiliemd-support of the vacuum punp of
Figure 2; Figure 6 illustrates a cross-sectional view of a rolling bearing
supported by a second enbodi ment of a resilient support; andFigure 7

i1 1Tustrat g@@% ﬁ[iﬁ%%ra?%%‘ GB8s-subRIMAVic bPhIrbMag bearingeupppredttsda by a

third enb a resilient support. Figure 2 shows a cross-section of

a vacuum thimperfbodongnti ofiangsiiepliapppt.ar rangenent driven by a shaft 52. The
illustrated vacuum punp is a turbonol ecul ar vacuum punp conprising a
t urbonol ecul ar punpi ng nechani sm 54 and a nol ecul ar drag punping mechani sm

56. The ty %9812' SO RE POSREEGioTRsT RS Qupip 58 Somprlsimgbipuynpiiigr ot or
bl ades 58 unted on, or integral with, the shaft 52. The.nol ecul ar drag

punpi ng nachagemenseriven by a siaft 52mlbe ILWSIALGR YROWIRRYEP i8hani sm  and
ot at ed by TRORTE GV Pyl GRHBicHo Ml biBRELIar phmplig PRA 5 S

ng arrangenment he shaft 52 is
supportedn{gbh@nmmrchaamgwtandrag)pmmpmgngecmnlbéa% ngbewhi ch may be

positioned either at respective ends of the sha rnatively
i nt er medi &r8omple@faRPUNRING HEFRAPSTLCQRPIITER, Qllﬁ?mf%gﬁ%gug%doea% §§a first
portion o f Np@SHdfCs R eanhk igoleBulsMBREy pempirggcond portion
of the sh:g%cﬁlnﬁ‘ia%ﬁ ng?@% ‘S’F\" bearing may be used as an
10 mechanism 56 is in the form of a Holweck pumping mechanism, and
comprises one more cyllnders 60 mounted on the shaft 52. The shaft is

rotated by a motor 62 to drive the pumping arrangement. -

The shaft 52 is supported by a bearing arrangement comprising two bearings
15 which may be positioned either at respective ends of the shaft as shown or
alternatively intermediate the ends. In Figure 2, a rolling bearing 64 supports
a first portion of the shaft 52 and a magnetic bearing 66 supports a second
portion of the shaft 52. A second rolling bearing may be used as an
~  alternative to the magnetic bearing 66. When'a magnetic bearing is used, a

20  back-up rolling bearing 68 may optionally be provided.

With reference also to Figure 3, the rolling bearing 64 is provided between the |
second end portion of the shaft 52 and a housing portion 70 of the pump 50.
The rolling bearing 64 comprises an inner race 72 fixed relative to the shaft

25 52, an outer race 74, and a plurality of rolling elements 76, supported by a
cage 78, for allowing relative rotation of the inner race 72 and the outer race
74. As discussed in more detail below, the rolling bearing 64 is lubricated
using a lubricant such as oil to establish a load-carrying film separating the

bearing components in folling and sliding contact in order to minimize friction

30 and wear.



alternative to the magnetic bearing 66. Wien a nagnetic bearing is used, a
back-up rolling bearing 68 may optionally be provided. Wth reference al so
to Fi gurewd,2otdms16%l | i ng bearing 64 is provided betweenpChaReamndiend
portion of the shaft 52 and a housing portion 70 of the punp 50. The
rolling bearing 64 conprises an inner race 72 fixed relative to the shaft
52, an outer race 74, and a plurality ef@+olling elenents 76, supported by
a cage 78, for allowing relative rotation of the inner race 72 and the
outer race 74. As discussed in nore detail below, the rolling bearing 64 is

| ubri cat eqnyiBGtoforovitel EARPINgUFViRatiohs of me%a?%% _%g\daoéa%g%e?@awwg film

separating the bearing conponéents in rolling and sliding contact in order
to nmini m Asefofitbeippmmpa, awesilient sepgort Ghisprrovided fdaawppartiof the br at i ons  of

th haft 52 ' 4. duri f th 0, 1 ient t
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di r ecti onsllugttadéd weFigard AetHeoresiliegit $Qppds 80!dowirisises giﬁalﬁ%@)‘ﬂ%ﬁqté’r&t he
resilient support 80 conprises a plurality of slots 82 that define a

pl ur al Bt y tat defineya Rlurplitsaf integral isible menrers i ofdbeirpsilientssimmet  80. hEach
fl exi bl Li6ial ' ' ft
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support 8@f tikeodsilidresuppertrédnined afduter avond@cp@tiohB8offthesesiliest | i ent  hi nge
nd resilient hin@e 92 to the outer

90 to the inner, portiaqgn_86, and eco \ .
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86, 88, and, as illustrated in Figure , are pr y circ erentially
aligned. BS flexible nenbers 84 of the resilient support 80 thus provide
integral |eaf springs 84 of the resilient support 80, each |eaf spring 84
bei ng associated with one slot 82

Each flexible member 84 is in the form of an elongate, arcuate member
substantially concentric with the inner and outer annular portions 86, 88, and,
as illustrated in Figure 4, are preferably circumferentially aligned. The flexible
15 members 84 of the resilient support 80 thus provide integral leaf springs 84 of
the resilient support 80, each leaf spring 84 being associated with one slot 82
located adjacent an inner circumferential surface thereof, and another siot 82

located adjacent an outer circumferential surface thereof.

20  The inner portion 86 has an inner, axially extending cylindrical surface 94
engaging the outer surface of the outer race 74 of the rolling bearing 64. As
illustrated in Figures 3 and 5, the inner portion 86 also has a radially inward
extending shoulder portion 96 located towards the upper (as illustrated) end
surface 98 thereof for engaging the upper surface of the outer race 74 of the

25 rolling bearing 64 for axially supporting the bearing 64.

A cartridge 100 is provided for retaining the resilient support 80 relative to the
housing 70. The cartridge 100 has an axially extending wall 102 having an
inner surface 104 engaging an outer, axially extending cylindrical surface 106
30  of the outer portion 88 of the resilient support 80. The cartridge 100 also has
a radially inward extending wall 108 having a lower (as illustrated) wall
engaging the upper end surface 98 of the resilient support 80, so that the



| ocat ed adj acent an inner circunferential surface thereof, and another sl ot
82 |l ocated adjacent an outer circunferential surface thereof. The inner
porti on 8sohas/mmeoitnner, axially extending cylindrical ®oricGaesddiesgagi ng
the outer surface of the outer race-74 of the rolling bearing 64. As
illustrated in Figures 3 and 5, the inner portion 86 also has a radially

i nward extendi ng shoul der portion 96 |et@ted towards the upper (as
illustrated) end surface 98 thereof for engaging the upper surface of the
outer race 74 of the rolling bearing 64 for axially supporting the bearing

64. A cartggl J@hd g@ig)giéli‘ﬁq-t ) Lo i bhfi ort 80
relative tr?sf[ﬁi%gt hous(::rﬁg 70.u he Gf:d;{ntécﬁggg&%gn%??%gﬁg%@ﬁ E’jgﬁ)endi ng wal l

102 havi ngeasiiidgent}0.sur f ace 104 engagi ng an outer, axially extending
cylindrical surface 106 of the outer portion 88 of the resilient support
80. The cartridge 100 also has a radially inward extending wall 108 having

a | over (a8 pehtibghuat ¢0)s a@achen@agicnanéhurfaRe1 0£bitHUcdrafRedfo®byt he
resilient support 80, so that theresilient sup&o;t 80 is supported in both
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mut ual | y- engagi ng screw thre an up ustrate

sur f ace ofresiienbsmghong8htd retdid tergasitiont siepdoot 80 wétihth ther darttdgBlPO®@f t he
resilient support 80 to refain the resilient support 80 within the
cartridge aﬂfg,o %fﬁf?@%'ﬁ?r’@@r%fﬁf'?agﬂi"%rﬁ}“ﬁﬂté-“%gg St%efg? dusfratad insuppor t - 80.
As illustr i i i Yhe Headl Ut i ' tally
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an upper (masvérhbnistirtat edfor S2rdratBearing 64. The bearing nut 108 also has a
radially inward extending portion 118 having an upper (as illustrated) surface
120 spaced from the lower end surface of the outer race 74 of the bearing to
15 provide an axial end stop surface for limiting axial movement of the rotor 52

and bearing 64.

Returning to Figure 3, the cartridge 100 is attached to the housing 70 by
means of bolts 122 thereby to’'secure the resilient support 80 reiative to the

20  housing 70.

The resilient support 80 is preferably formed from metallic material, such as
aluminium or an alloy thereof, tempered steel, beryllium copper, phosphor
bronze, titanium or an alloy thereof, or other metallic alloy. The stiffness of

25  the resilient support 80 is determined by the geometry of the slots 82, and
thus the geometry of the leaf springs 84, and can be accurately estimated
using finite element analysis. We have found that the resilient support 80 can
be readily designed to have a relatively low radial stiffness in the range from
50 to 500 N/mm, for example around 200N/mm, for inhibiting the transmission

30  of vibrations from the rotor 52 to the housing 70.



120 spaced fromthe | ower end surface of the outer race 74 of the bearing
to provide an axial end stop surface for limting axial novenent of the
rotor 52 wodolmesiéoag 64. Returning to Figure 3, the car rrcragp200001948
attached to the housing 70 by neans of bolts 122 thereby to secure the
resilient support 80 relative to the housing 70. The resilient support 80
is preferably formed fromnetallic matetfal, such as alum niumor an all oy
t hereof, tenpered steel, beryllium copper, phosphor bronze, titaniumor an
all oy thereof, or other netallic alloy. The stiffness of the resilient

support 8%&%@%&%@%1%@@@ Qgﬁg@lﬁcﬁéfs“gﬁuﬁr%&lsﬁbﬁly%gsteﬁ‘ﬁ%ﬂ hus the
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lubricant discharged from the bearing 64 towards the resilient support 80 so
that the lubricant is fed under gravity into the slots 82 of the resilient support
80. As illustrated in Figure 5, an annular groove 134 is formed in the upper

15 end surface 98 of the resilient support 80 to provide a reservoir for receiving
lubricant from the groove 132 in the cartridge 100 and feeding lubricant into
the slots 82. The lubricant generates load-bearing damping films adjacent the
inner and outer circumferential surfaces of the leaf springs 84. With vibration
of the rotor 52, the damping films are compressed; generating hydrodynamic

20 pressure. The presence of lubricant maintained under pressure within the
slots has the effect of damping the vibrations, thereby attenuating the transfer

of the vibrations to the housing of the vacuum pump.

The degree of the damping achieved by the damping films depends, inter alia,

25 on the geometry of the slots 82 formed in resilient support 80. When the
radial width of the slots 82 is relatively large, the formation of the slots 82 in
the cylindrical member 80 is simplified but the damping of vibrations by the
lubricant therein is relatively low. When the slots 82 are relatively wide, an
additional damping film can be prgvided by the suppAly of lubricant to the

30 clearance 116 between the outer surface of the outer race 74 and the inner
axially extending surface 114 of the bearing nut 110. As illustrated in Figure

5, this may be achieved by forming another annular groove 136 in the lower



| ubricant discharged fromthe bearing 64 towards the resilient support 80
so that the lubricant is fed under gravity into the slots 82 of the
resilientweupmworsicyd0. As illustrated in Figure 5, an anrgirazB2geconyesl34 is
formed in the upper end surface 98 of the resilient support 80 to provide a
reservoir for receiving lubricant fromthe groove 132 in the cartridge 100
and feeding lubricant into the slots 8212The | ubricant generates

| oad- bearing danping filns adjacent the inner and outer circunferenti al
surfaces of the leaf springs 84. Wth vibration of the rotor 52, the

danpi ng fidn s e PIPEEHRAEsiIERNS d'rnsoMﬁre%@m?ﬂu%riew&g?ﬁarg&e
presence of |ubricant nmaintai ned under pressure wthin the slot$§ has the
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therein i sy ' t 82 are relatively wide, an
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cl earance 116 between the outer surface of the outer race 74 and the inner
axially extendin urface 114 of the bearing nut 110. As illustrated in
Figure 5 ,yb%tosfh%d‘%e%gém}tw@@t Bpm WW'%%B’E%P bifnof the cgredge 136 in
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reservoir tigdt is hgaping: 193 dfthe PUBREH0Bate@bbbe tioe HBE obeaf 1AW the
pump 50, and with the longitudinal axis 142 of the pump 50 extending
substantially vertically. In the second embodiment illustrated in )Figure 6, the
15 lubricant is supplied to the slots 82 of the resilient support 80 separately from
the supply of lubricant to the bearing, and in such a manner that the pump 50
can be operated in any orientation. In this embodiment, a similar [ubricant
supply system may be used to supply lubricant to the bearing 64, and shield
elements 144 may be provided to resist seepage of lubricant from the bearing
20 64. The shield may be a separate component, held in place by a spring clip
or other fastener, or may be an integral part of the outer race 74.
Alternatively, the bearing 64 may be lubricated using grease (a mixture of oil
and a thickening agent). In order to supply lubricant to the slots 82 of the
resilient support 80, the annular grooves 134, 136 formed in the end surfaces
25 of the resilient support 80 are used to provide lubricant reservoirs, each of
which is at least partially filled with lubricant and sealed with a respective
annular sealing element 146, 148 adhered or otherwise mounted on the end
surfaces of the resilient support 80 to retain the lubricant within the slots and
the reservoirs. By only partially filling one of the reservoirs, the lubricant can
30  circulate between the slots 82 of the resilient support 80 when radial

squeezing of the lubricant occurs during use of the pump 50.



Due to the feeding of lubricant fromthe annul ar groove 132 of the
cartridge 100 to the slots 82 under gravity, the lubricant supply system
descri bedwvabhosei3i@®4sui t abl e for supplying |ubricant to trhe/cH20ec008R280f t he
resilient support 80 when the punp 50 is arranged in an upright position as
illustrated in Figure 2, that is, gas inlet 138 of the punp 50 | ocated
above the gas outlet 140 fromthe punp B®); and with the |ongitudi nal axis
142 of the punp 50 extending substantially vertically. In the second

enbodi ment illustrated in Figure 6, the lubricant is supplied to the slots
82 of the pesd tHiRNEMBYARM nﬁ%t:%%’@frﬁf:@'u}‘ef?r ﬁﬁ‘llﬁtﬂf‘caﬂt'%(’%&'pﬁ?lfedltkl%écam to
the bearing, and in such a manner that “the punp 50 can be operatedin any

ori ent at i ofnts B2 tordagneribsalionsntIn thissembodiménibiiist and secpnd glasysmencnay be
used to su pI the b 64, and hle d el.enents 144 may be
or ovi ded (e 26t I3, 452 o< Bafh el ' B Re et & BR SRR o1 4 ey
be a separgréeyesTRR NI forMetith e Bhasarfa¥ed of d REileht I§u§;§or@8bef‘l‘ﬁe?l5t ener,
or may be an integral part of the outer race 74. Al ternativel %k t he bearlng
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resilient byubppdhearig rart d10s RElaiivaly rgdeadiabdisptemase o/ the otoresz h of
which is at | east @{etlall fllled vvlthsOl bricant and sealed with a
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the slots a reservoirs. By~ onl artla I'ng one of the
reservoir siammeg rings i168n1 52 o beuradallapentmesm residtisg ot sadid defmping

resilient di al ueezin he curs durlng
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| ubri cant id prouliiebibgdhb@diising ringk at5®), 8821 andl@bRh¥iciaitticoRansrhizsidi s
enbodi nent, first and second el astoneric
of the vibrations to the cartridge 100 and therefore to the housing 70. Due to
the compression of the second damping ring 152, the second damping ring
15 152 damps axial vibrations of the bearing 64. Without relying on lubricant to

damp vibrations, the pump 30 can again be operated in any orientation.

20



danping rings 150, 152 are each located in a respective one of the annul ar
grooves 134, 136 forned in the end surfaces of the resilient support 80.
The danpiwg 2000n3$69150, 152 are designed to have a rel at ipeelgB2h@umev4sadi al
fit within the grooves 134, 136, and the second danping ring 152 is axially
conpressed by the bearing nut 110. Relatively large radial displacenents of
the rotor 52 and bearing 64 during use Bf-the punp 50, for exanple, due to
a relatively high inbalance or when running at or around critical speeds,
causes the danping rings 150, 152 to be radially conpressed, resulting in
radi al danping of the vibrations. WegmiMs vibrations are relatively snall
little radial danping is produced by the danping rings 150, 152, and so
there is little transmi ssion of the vibrations to the cartridge 100 and

therefore o the housing 70. Due to the conpression of th econd danpi ng

g 152. Tthe. ot e P8 PR RR Stk Siod e GEEER e boar tng

64. Wthout relghfifig@frandbfrictamér fotatiimeiativer @tthe Mousiie thisiBeaffg can agai n

be operated in any orientation. CLAIMS 1. A vacuum gug{p conprising a housing
P

and a fotor sugpéngemeny canmEEinthd bearina guRpaAtied i PP @dial Rndeddli ve to the
housi ng, the b%ﬁégﬁ?&nsﬁw GEHIERL s (I b&hpﬂsiﬂgqﬁﬁ%r’% SRR AhEfhy! N both
a C resi support conp

radi al and axi ire ons by a Ien rising 1 nner and
out er annul ar porttdneoMmestetbed diyraditypdiftedible ynanhbbtsethdresili@itber s, the

resilient support haying a radial. stiffness in the ragnge 50 to 500
N o Ay e SRR Ve ARG ees i FHa T Re T LSO GRS £ eni bl e
menbers is an el ongate, arcuate nenber substantially concentric with the

inner and outer annular portions. 3. A vacuum punp according to Caim 2,
wher eile t Be f| éxvasiueimpoiygr accardingito dilaine le mthiesginyeaghi afilee flexible

members is an elongate, arcuate member substantially concentric with

the inner and outer annular portions.

3. A vacuum pump according to Claim 2, wherein the flexible members
15 are circumferentially aligned.
4. A vacuum pump according to any preceding claim, wherein the fiexible

members provide a plurality of integral leaf springs of the resilient

support. o
20
5. A vacuum pump according to any preceding claim, wherein the flexible
members are axially displaced to axially preload the bearing.
6. A vacuum pump according to any preceding claim, wherein the resilient
25 support is formed from metallic material.
7. A vacuum pump according to Claim 6, wherein the metallic material

comprises one of tempered steel, aluminium, titanium, phosphor
bronze, beryllium copper, an alloy of aluminium and an alloy of

30 titanium.



4. A vacuum punp according to any preceding claim wherein the flexible
menbers provide a plurality of integral |leaf springs of the resilient
support. w0 200evacasum punp accordi ng to any precedi ng cl acmGBro@rminst he
flexible menbers are axially displaced to axially preload the bearing. 6. A
vacuum punp according to any preceding claim wherein the resilient support
is formed fromnetallic material. 7. A Y®euum punp according to Claimé6 ,
wherein the nmetallic material conprises one of tenpered steel, alum nium
titanium phosphor bronze, beryllium copper, an alloy of alum nium and an

alloy of 1g.taniagh&um punfh ¥acHHc e fﬁr‘é%@ldlgﬂ?l&i‘?n ANerBiPERAS I A M

wjerein the resilient support conprises a plu Ining said
f1 exi bl e menberssipport.comprisesanphualipy of sotsl dafining S@kdaﬂexlﬁle reemirErsi ng nmeans

for supplying fluid to the slots to provi de | oad-bearing danping filnms. 10.
A vacuum punp according to Caim9, wherein the fluid supply neans

conprises @ fl W dadlRERPUBIY atesialirRtioDiaihies, rc@ﬁ'ldrisﬁﬁm%\éﬁﬁ%ﬁs y.ln@ fluid
comuni cation with the slots. 11. A vacuum punp according to ai m 10,

wherei A the re§'él#d/@ﬂlecﬁé¢?€§rtp§é@V|dﬁ leathbeafing deoydng 6im@éd in an end surface
of the resilient support. 12. A vacuum punp according to any of Clains 9 to
11, wherein the fluid supply nmeans conprises a fluid punp for supplying
fluid fromoa scmr/@@mh@umv acdd}ding ma@atnmaounmremqnédliurmsmmol neeansl2,

wherein the fluid ﬁgonfi dttodsu y fluid to the bearing for
| ubrication t h&P rlses a fluid rese 0|r ocated on the resment support and in fluid
communication with the slots.
10
11. A vacuum pump according to Claim 10, wherein the reservoir
comprises an annular groove formed in an end surface of the resilient

support.

15 12.  Avacuum pump according to any of Claims 9 to 11, wherein the fiuid
supply means comprises a fluid pump for supplying fluid from a source

thereof.

13+ Avacuum pump according to Claim 12, wherein the fluid pump is
20 configured to supply fluid to the bearing for lubrication thereof.

14. A vacuum pump according to Claim 13, wherein the fluid pump
comprises a wick for supplying fluid to the rotor from a source thereof,
and a conical surface located on the rotor for conveying the fluid to the

25 bearing with rotation of the rotor.

15. A vacuum pump according to Claim 14, wherein the bearing and
resilient support are located within a cartridge attached to the housing,
the cartridge at least partially defining an annuiar cavity for receiving

30 fluid discharged from the bearing and from which the discharged fluid is

supplied under gravity to the slots of the resilient support.



14. A vacuum punp according to Caim13, wherein the fluid punp conprises a
w ck for supplying fluid to the rotor froma source thereof, and a conical
surface |lwoaved3oy4t he rotor for conveying the fluid toprchaBeardongsw t h
rotation of the rotor. 15. A vacuum punp according to Cl aim 14, wherein the
bearing and resilient support are located within a cartridge attached to

t he housing, the cartridge at |east parftd-ally defining an annul ar cavity
for receiving fluid discharged fromthe bearing and from which the

di scharged fluid is supplied under gravity to the slots of the resilient

SUPDOT {196 A YAGRUIINP HIMLASEFAnEYo Clafh 4uTBridafi 161 Ahgrdif taner ei n the .

conical surface iI's nouhted on the rotor. 17. vacuum punp according to any
of dains 1 toc8nicabspfacs ingnauntedayt thermetarl ast oneri c danpi ng nenber

| ocat ed between the inner and outer annular portions. 18. A vacuum punp
conprising a housing, a rotor supported by a bearing arrangenent for

rotation nel at \Weadu@ni Pempattiofdingtth@nkesFrClaEnan @ 8YesRipriskRa 1basing a
bearing supported in both radial and axial directions by a resilient
suppori conpri ehaglasia@erigg@mping mempar pcaiast betweendbararereandouter
plurality of f%ﬁﬁh@¥§oﬁﬁﬂgers’ and at | east one el astoneric danpi ng nenber
| ocat ed bet ween € tnner and outer annular portions. 19. A vacuum punp
according to Claim17 or Claim18, wherein said at | east one el astoneric
danpi ng nenber conprises a radial. vibration danpi ng nepber and an axi a

[
vi brat i onT@anpiAn‘@%H%@HmpmmW%}%&tnﬁ% AL rigg! @ 8iR2199 wherein
each resi | ient o5UpRRGfent forlrofAofteliivBitd 1R hBISHLhedbeMRy formed in
respective end surface
10 arrangement comprising a bearing supported in both radial and axial
directions by a resilient support comprising inner and outer annular
portions connected by a plurality of flexible members, and at least one
elastomeric damping member located between the inner and outer
annular portions.
15
19. A vacuum pump according to Claim 17 or Claim 18, wherein said at
least one elastomeric damping member comprises a radial vibration

damping member and an axial vibration damping member.

20 20. A vacuum pump according to Claim 19, wherein each resilient support
is located within an annular groove formed in a respective end surface .

of the resilient support.

21. A vacuum pump according to any preceding claim, comprising means
25 for axially locating the bearing and the resilient support within the

housing.

22. A vacuum pump according to Claim 21, wherein the béaring comprises
a rolling bearing having inner and outer races, and wherein the axial
30 locating means comprises a radial stop surface for restricting radial

movement of the outer race of the bearing.



of the resilient support. 2 1. A vacuum punp according to any preceding
claim conprising neans for axially locating the bearing and the resilient
support wohes/t3sh@4housi ng. 22. A vacuum punp accor di ng PCe/dB200000294%
wherein the bearing conprises a rolling bearing having i nner and outer
races, and wherein the axial |ocating neans conprises a radial stop surface
for restricting radial novenent of the bliter race of the bearing.23. A
vacuum punp according to Caim20 or daim2 1 when dependent from Cl aim
19, wherein the axial vibration danping nenber is conpressed by the axially

| ocat i ng @anSAaélcmﬁnwabwamg%@@%@@ SIOCRIM P fREFIdRBeRbBhin 10 the

formof a turbonol ecul ar vacuum punp.
from Claim 19, wherein the axial vibration damping member is

compressed by the axially locating means.

5 24. A vacuum pump according to any preceding claim, in the form of a

turbomolecular vacuum pump.



