WO 2006/ 131694 PCT/ GB2006/ 001948 -1 VACUUM PUMP This invention relates to
a vacuum punp. 5 Vacuum punps typically conprise an inpeller in the form of
a rotor nmounted on_a shaft for rotation relative to a surt Q! tor.
The shaft is WHPYSHEEY by a bearing arrangenent conprisid§ f@%"@g‘é{f“ﬂ

| ocated at or internmediate respective ends of the shaft. One or both of

t hese bearings may be in the form of rolling bearings. Usually, the upper
bearing is in the formof a io magnetic bearing, and the |ower 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 14 of
the punp, an outer race 16, and a p Prolling el enents 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 establish
a | oad- carryi Agid inventwapeleded foga vasuureauimpy conponents in rolling and
sliding contact in order to mnimze friction and wear, and shield el enents
22 are provided to resist seepage of |ubricant out of the rolling bearing

10. A nougti %canmmﬁimblcfaw cSMBRSE bhMapbig if ehd fon® dieAiotdigndntetit hin the
punp 20 conprises a radial elastoneric danping ring 24 positioned radially

bet ween the 6BtEshafideerotetianiativedos w%ﬂtngoﬁat@s floe shaftys ﬁ'@DW‘%{Eﬁda
movenent of p% Qéétrﬁu drr@etfont %Qﬁ'] ﬂgmg%walbe%hﬁ IBIdLat dﬁ%ﬂﬂeau
end fe lp e t

posi ti oned between a ace o0 uter rac 16 and ousi ng portlon
26 for danpi nespmelivd endsveitbatsheft. Cre @rmcéh Oifﬁte@ejb@arlnss Theerlee irtbea nunber

of problens assqci th use, of aX|a |c danplng
i ngs 2. 26 101 o pEReSErARoS HR L MO e B A i R HETE 2 50 Vo
2006/ 131694 P@ldfBa0064MY, 248 the lower bearing is in the form of a rolling bearmg.

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 innerrace 12 and the outer race 16. The rolling bearing 10 is lubricated to
establish a lyoad-carrying film separating the bearing components in rolling and
sliding contact in order to minimize friction and wear, and shield elements 22
are provided {o 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



-2 Firstly, conplex danping ring |locations are also required for dynanmic
stability. A thin axial danping ring is required for beneficial axial to

radi al stiffnggSesmQbyi bution, and precise |ocation of a gl ceas@heaki NG
requires conplex nmachining to ensure dynanic stability. Radial danping

rings require full s grooves for reliable axial |ocation. These grooves have
tight tolerances, requiring difficult and2expensive nmachining, and can be

difficult to clean, |eading to contam nation and premature bearing failure.
Secondly, good vibration isolation of a turbonolecular punp requires the. io

mounting arr ar}g?srﬁi;néorﬁﬁléxhaﬁ\d rﬁ@{\ﬁrﬁ% fohat ibrﬁ’sgarbeeéléb Réub@dter BavanR draisyadi al

stiffness. The oveéerall radial ness of the nounti'ng arrangenent
described abo¥#&ihexiehdaspingoing ineequirdd foe seneficialirial dradialddifpesy ring 24:

and a fur ther o b RRSSd SAINGAR, sheprilekar s ool Lheyai al dampi ng

ring 28. Howev Ve mum har ness restricts

the m ni mum r adaethinihg tﬁbhﬁlﬁr@@ﬁ]aﬁtldﬁ aiabéipf. eRudiahdaimipitigaingandgaixe alll
el ast oneri ¢ danpi ng Furth erm)re;r over a period, f time el astoneric
S

mat eri al suff eQ@OY?So{W &‘%@?l‘? D4AJOA08s s eSE ARV S ANTHIN {YE@NCEPast oner i ¢

material also r@eﬁﬁ‘lﬁﬁ%lfﬁé{ﬁt érQ:i ekélér@f@%b@ﬁlnwgt An@R¥n beRiifre@nio dbgghar ged from
the bearing. Softening of axi al danping ring increases the shear

modul us of thdeadiagpd n@ptawt@mﬂrtdmr@rrwrter@aémgé@lturee radi al stiffness of -
the nounting arrangenent for the |lower bearing, thereby undesirably
increasing the vibration transmssion to the punp housing with tinme. The
stiffness charsetoandlysyoos vibtateinasolatien bfa tabenmotdcutreungrdguirsemhd i near: and

2s change narkedly. with tine, ,tenperature an |nte ction with |ybricant,
o e R Rl rpnas e SRS ke R uP O e HBGe e BRGaPR | ma t he

stiffness and sifaBEDd MheChRY ALTRN StiffiedssHf tﬁé‘ﬁwdﬂﬁi'ﬁﬁg RerahbBgentdésdiBedse. 1N
addition, it is normal practice to carry out |ow speed coarse bal anci ng of

the 30 punp wdiayg iathessun ef theottifinags pete ragial femedaidna &b anst afurthss t hat
|t gen;I : gﬁ'bl ecoét@dnggs rISR BEHeBAbeMHhhtide o e b HhRBINPANG s U owdvet Ne PUND
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



excessive | oads during bal ancing. Wen the final bearing is subsequently WO
2006/ 131694 PCT/ GB2006/001948 -3 fitted to the rotor, there is however a

degree of inpal ance due to the differences in fit and rag un_ out
between t he YP3V T3S final bearings. Consequently, hi gﬁchfE@%Z&&@@r}éﬁci ng

must then be performed when the final bearing is fitted to the rotor. Since
the stiffness characteristics of elastonmerjc 5 material change with tine,
tenperature and interaction with the bearing |lubricant, the dynamc
properties of the punp change during bal ancing, which |eads to an increase
in the duratigon of the bal ancing process to acco date variation with

th
time of the neEYRIRAIOREIpIRIT BaWEYeThaewsa it TRYIAPFaAYEAeMe 10 1t is an

ai mof at | eagifeloRBePlrEdt@iiadSNRPHINEM SetRbeth B NERSBAY fihAMSSH IR, to  seek
to solve these and other problens. The present invention provides a vacuum

punp, pr ef er dbbysegUENihdNE) sreddbalangny avisl thasupppetomsd whag the fioalsi ng and
a rotor supp : i ar; L rel ati 0 the
nousi ng. -t he edned Bey EEL e "SRRI e iRl s SRt oo
radi al and axmateridl cretigeonith thyiepteniesajureahd fuppeation edihpihe seadng nner and

outer annul ar, portions connected hy a lurality of flexible nenbers. 20 The
Fadi ol "and axBican B HERTE wORPRIES Of tiBUGP THESRAHERD kREnsrG. bRt

replaced by jaaqd REARINCRSdd! I8 e SWRIRBH bof tHRSHABMNG phddagh €0 BESdrhktes UppoOr t
is required instead of, as in the prior art, tw Separate danping rings,

costs can be thgivgratigrownb tipe @dhe atchesisat pionertisataithe moyntinge resilient
support can baer %li]ne%? sinplified, and thus | ess expensive to machi ne. For
exanpl e, no fuf%%groov'e may be provided for nounting of the resilient
support. In conparison to the installation of two separate danping rings,
Installation )?Ts egnhaeimsbpg(llgasrt?ﬁé Ip'reﬁ"(»ralrtred embodiments of the present invention to -

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 sealing 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. Location 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. 30 The flexible of the resilient
support may be readily designed, for exanple wusing finite elenent analysis,
to have predebeswghismass fl exure characteristics adapted tecrhas2vicanats onal
characteristics of the rotor. The resilient support W 2006/ 131694

PCT/ GB2006/ 001948 -4 can thus be designed with a very |low radial stiffness,
in the range from50 to 500 NNmm preferdbly around 200 Nmm to neet the
required rotor dynam cs of the vacuum punp. As the axial danping ring of
the prior art is elimnated, there is no contribution fromsuch a nenber to

the overall raditgls 5é Uéélgﬁ%,\Nltﬂréjvérﬁlf'r@wtré‘diaﬁﬁh‘iﬂbsé afiteé raridef ffaiase tean be
very low In view of this, acceptable |evels of transmtted inbalance

vibration maypO8dN/auhi RigEably arewbedq Namat, te meet thﬂ)@q&ﬁ@e rptes derﬁ@Sf rom t he
differences o tﬁéh\yac%@ ﬁ@r%ﬁ"‘@ys trhgrex%ftdgﬂtfprl gh@gﬁthet ? 19% imifayg] ngs.

aresult, no anci n the IeX|bIe
menbers is prtteaérenabby:oatnibelhomjatreeucar&nmleberémﬂm ovexabmcaatstaiﬂnle;zs (Hmtent ric
with the inner

nd .out apnul ar rtion referr
these. mener Sodpe wint eain SRS Per i Tt ot SFHlRiBreIDr « he
resilient supp@ahseardimbaidicevisiatiémhRgal adteafeds Prédpestivebf thee resilient
support, and hence determ ne the radial stiffness of the 15 resilient

support. The lmeet@npef@%tumofmm thaiflpeernassvdif and F%ﬁerv‘@rerHB Gt emdaviet al lic
material, suchas m d f gronze,
beryllium co;?)‘peﬁﬁ al 5 al %g?‘%suurh@h?tr?ﬁa%egnﬁ%a{ t tggr%%um In this
case, the 20 stlffness of the resilient support is dependent on the geonetry
of theleaf not on te ative | ow radial
otiffnesed ¢ falb df s nRbletBlmBar ¥ FEREaY Saglchopf 2ttide sREAET' O

lubri cant lnts@b@t@htl@lﬂl @friceatre witrathevhhér arth@neeathear gshiahs. stn thkness of the
resilient support with tinme. 25 The resilient support referabl conprises a

plurality of péq}féfr@d@éﬁl?qq'fﬁﬁr‘%éh%e TEEREH %red:érﬁﬁg}f%renp@,l Yor@nsHef'der ed
enbodi ment,  FRABR AemO¥! fe%eEREnt 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. In this case, the

20  stiffness of the resilient support is dependent on the geometry of the leaf
springs, and not on temperature. At relative fow 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 to 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 [ocation, and

the vibrations drive this point of compression about the resilient support. The



supplying lubricant or other fluid to the slots to provide | oad-bearing
danping filnms. During use of the punp, the bearings are subjected to

vi brations vhgsysgihigabout by certain inbal ances in the reteigeMing t hese
vi brations, the 30 hydraulic danping filns provided by the presence of the
| ubricant wwthin the slots of the resilient support are conpressed at a
certain angular location, and the vibratgons drive this point of
conpressi on about the resilient support. The WD 2006/ 131694

PCT/ G132006/ 001948 -5 presence of |ubricant maintai ned under pressure

wi thin the S'p%s?edeé%ﬂmosmf ﬁ%tma.ﬁéd ‘{!nﬁHBﬂ p%séln@ vVl{thﬁ fld 9p& h%é"ﬁ"eeé?ﬁéct

attenuati ng the transfer he vi brations housi ng o t he vacuum
punp. The fl wfdagpps tjnervﬁaﬁﬁommyh@r@hwattseuamfglthec&aﬂe@emﬁmevnbr;d@pedo on the

resilient dec nication with the slots. For exanple,
t he reservoi #Hgﬁg‘iﬁ'@%g{)rl se 5Hma‘ﬁ(ﬁ-ﬂ ar groove fornmed in an end surface of
the resilient support fromwhich fluid is supplied to the slots. A second

fluid reservair al so be provided by anot her apnul ar groove forned in
the opposite Té'ﬁd“i‘ SURRY BEENSfMaheonREsS P@th reappeItocaiad o the ipsdlient

comruni cati o 0 t, r are
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anot her enbodi r sup ying
source ther e@ﬂso gehpraovidiea b;azyncuheﬂ am&;lamobwsfdrmadtm gauopsodieathd o pr ow de

| ubricant to t eberln i use of. the punp. For ex in order to
Sl v i shges 8k a g el o i BB eAG A BRhE Sl Py 26
lubricant to dn'éeenﬁﬁﬁoqheﬁtr @r@ fivS MBI RE 88k Ied Wolds 3BRRSN Brf&\éﬂ%‘?ﬁb&ﬁ the
rotor for convey mg" | ubricant to the bearing with rotation of the

rotor. |n one&ffligidefityn &w reatied! swnmort. al fiepan aneleflee @ympuloriecaitised & t he
rotor. A Con'a?@lconvenlent 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“supplyi'n'g 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 io 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 siots of the

resilient support.



surface having a dianeter increasing towards the bearing is provided on the
rotor, for exanple, by a conical nut or by an integral surface of the rotor.
Wth 25 rot atwone@fizidoe rotor, the lubricant travel s al ongediresnodnioecak
surface, and at the end of thus surface is flung into the bearing. Means
are then provided for supplying the lubricant discharged fromthe bearing
to the slots of the resilient support. FeB-exanple, the bearing and
resilient support may be located within a cartridge attached to the

housi ng, the cartridge at least partially defining an 30 annular cavity for
receiving the lubricant discharged fromthe bearing and from which the

di scharged lubricant is supplied under gravity to the slots of the
resilient suppgsriQ swra‘@degmwum@vr@o%ﬁ oeaues for hepssiignteayaraat e

| ubri cant sour (0] Y iS ' residi : costs are
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at a flow rat dutfricanhat 2flbwirstept aperd fiomabpdrioddl @y Tiwbemérene usistthe 5

rotational speed of the rotgr. As result, the rate of supply of the
| ubri cant o TOIREORI P e Srel it 7 GETLYL KiegiSich SRpt RPN 0

runni ng-up of thA81kOk MM 1@ 1atiVBK HIYIHLARGHORARI RPRRE-uRBHtHN®(GUBSequent
runni ng-down of the rotor from maxi num rotational speed. By suitable design

of the slots vwh@xinam ieationesspeashand ippsvibsequent gInpigsi®ie of Heaoieinge t hat

o

t he danping fi ful | r.ge i 1 j ' L and
run-down, so tfhog? ”ﬁarﬁ(ﬁ?%r#%ggﬁr%l%e?é%#oﬁéag%?%éé&ggﬁprgﬁdtgg‘f'tlrhwl]gh;éio Speeds”,
that is, speedssibsgcuppodt isyidshinletoyarmagie hiabthatdampinddimheigre fuflyup and

run-down. | n another . dinment,. at |east one el astoneric danmpi ng nenber is
ocated 18" bet R VLCPHRER ikt qub R deun o Bb e BRe aR TRE Tesi 11 ont
support. For ®Rxaiimy B proiged&Bbieo! MRl spasdsbansonf siydethdsaciptayi de
danping of radial Vvibrations, and anot her danpi ng nenber may be confi gured

to provide daisi YREY Bfobasifpration GG eAMP EERNGNIIng member  nay conprise an
el astonericring located within an annular groove formed in a respective end

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
elastomeric ring 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 Jubricant from the resilient support.

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

25 support within the housing. 1t is advantageous to allow the bearing some
radial movement in order to reduce the transfer of vibration from the pump
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



20 surface of the resilient support. As no lubricant is then required to
produce danping filnms for danping vibrations, the punp can again be
utilised in any convenient orientation without the |oss of |ubricant from
the resilienyoSiRR9b:s Means may be provided for axiall pdaedbhidngdide
bearing and the resilient 25 support within the housing. It 1s advantageous
to all ow the bearing sone radial novenent in order to reduce the transfer
of vibration fromthe punp rotor to the.punp housing, caused by residual

i mbal ance. As the resilient support may have very |ow stiffness, when there
is high inbalance there may be a relatively large rotor and bearing

di spl acenent, ; ry parts
of The. purp, 8 3t SRR S REOy SIS T s Fe B RSLY o or
of the punp,sUhﬂmaMmdheyeﬁhﬂﬂ&Upgomﬂnaansnmwtmnnvwdeéﬁ@nquwpmgde a radi al
stop surface for |j MD 2006/,.131694 PCT/ GB2006/ 001948 -7
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is supplied a&@ll%@ﬁtdﬂ@mg‘ S @8t sEtHRR U the BBRASadBINdBeEald] IR d19faceonveyi ng

| ubricant fromthe slots of the resilient support to a clearance between an

axi al |y ext edderfdeaanes pelyeradae @Ptetrﬁéc%ﬁ'f“é?:herrét’@@lém $HERCeLENdhuSt op
surface. 5 T he radi al stop surface
can thus fo?ﬁﬁgggmfilwﬁ%mﬁﬁwgﬁghsl rati onsﬁgof the bearing. Were

an axial danping ring is nounted in the resilient support t he axi al

li ent t d b |l t] t id
o axi al damplnge Prera i Fedra e stpieiatl: Bt PG HR B now be
described, byesisht@lippesammyl e edthigressed by tied exiancBchng haae ¢o BRANYE Ng

drawings, in which: 15 Figure 1 illustrates a cross-sectional view of a
known rol'Pi ng¥SdPMRYIY-Fi gure 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 20 illustrating a cross-sectional view of a rolling

beari ng suppéiretededyeaiures gftthe 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;

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



enbodi mrent of a resilient support; Figure 4 is a perspective view of the
resilient support of the vacuum punp of Figure 2; 25 Figure 5 illustrates
the supply of lubricant to the resilient support of the vacuum punp of
Figure 2; Fi gl¥®28¢131¢%strates a cross-sectional view of areDGBrngihesring
supported by a 30 second enbodi nent of a resilient support; and WO

2006/ 131694 PCT/ GB2006/ 001948 -8 Figure 7 illustrates a cross-sectional
view of a rolling bearing supported by a “fhird enbodi nent of a resilient
support. Figure 2 shows a cross-section of a vacuum punp 50 conprising a
punping 5 arrangenent driven by a shaft 52. The illustrated vacuum punp is
a turbonpl ecHigureaillusiratps asressngaationalgiew ofiatioling deatiag spppgiathby fechani sm

54 and a nol ﬁ%ﬂ@ém‘g%g’ﬂé&ﬁaﬁangsjg?'%gg%ﬁm 56. The turbonol ecul ar punpi ng

mechani sm co ISés a rty bl ades 58 nounted on, or integral
with, the shaft 52. The nol ecul ar drag punping |u nmechanism56 is in the

formof a Hol weck punpi ng nechani sm and conprises one nore cylinders 60
mount ed on th\gg@ﬁﬁﬁts 'S T REPSSIRECHOT 87 2 VgEHB PURIP go RBTEFSEE & BUAPINYe t he

punpi ng ar %a”%ﬁﬂﬁémeﬁhﬁriﬁiﬁ%a%%aft%zsWi%qn&s%ﬁét&}’vﬁcﬁﬁﬁbhﬁﬁ) iarg angemnent
conprising two bearings 1S ich may be positioned either at respective

ends of the sfigbpmaieaimwacorm pUNREAAPIYIED Y Lrhasneleailat pumhi@gends. | n
Flgure 2, a T A% AP8EING DHRUARPLESy pdnblibShe BRI ABeOTHE shaft 52 and
suppor po on o

a magneti c bearing S a secon e shaft” 52. A second
rol i ng beari ngboayldiargeangisg aecabhermedhpiésdsaa phealitpghetorchibees 589 66.

When a magnetic bearing is, used, a, 20 hack- rolli earing 68 may
optionally be MRBIEER. OW‘E%JP‘S itk g}?c%h%g !lljge ﬁ?%%‘f‘@grﬁragl?é‘ ¥i ng bearing
64 i's provided ReaWReM55Mein the form of a Holweck pumping mechanism, and

comprises one more Cyiilwders 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 fo 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,



second end 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 25 52, waph9sligEesr ace 74, and a plurality of rollingpelesents) R,
supported by a cage 78, for allowng relative rotation of the inner race 72

and the outer race 74. As discussed in nore detail below, the rolling
bearing 64 is lubricated wusing a |ubricamd-such as oil to establish a

| oad-carrying filmseparating the bearing conponents in rolling and sliding
contact in order to mnimze friction so and wear. W 2006/ 131694

PC / GrR2006/ Oﬂ'ﬂ-%ér td ﬂoord@%rﬁ@ng&;@Wb%o%ra@mgswjﬁ 52 %h@tde%ﬂﬁ eh otugrggisgaf t

52 and bearing, 64 during use of e punp 50, a resilient support
provi ded for seppdieingin e a miranhgumort 80 isopravidadifal serbréng tie di recti ons

relative to t hou t r 4, her i ent
support 80 coﬁ%?”nsge@j’g‘g% F%@% ?/n(%?% %ESC%QQS%%:\%% ﬁe?ihr? Sl;Et‘gpl ur/g |ty of
i ntegral fl exjilbseateeniEiggird4, tie rbbmememplpb&rao SUpRds a ﬁﬁllrallﬁﬂohslbiséﬁg bl e

nmenber 84 is Iocat d be ween an mm{e{ aﬂnu ar portion 86 of the resilient
support 80° andighfe Lﬁ@rptgﬁv{woémt%@ Igrplggnegnb rﬁé%@h?.r@weﬂtsﬁwaaam 80.

Each fl exi bl egireghen ﬂ%bleﬁn@%’é@@h@@loﬁé&t@ tfét\'/’véén %ﬁ%r‘néreamnd‘dr%‘?ﬂc%)SGt o the

i nner portion 86, and by a second resilient hinge 92 to the outer portion
io 88. Each fb’éthebﬁ%lllﬁ?iﬁrﬁb@bo&ﬁol @daﬂohf@rfaomwiﬂbporanne%lwqaeeesﬂmﬁuate nenber

substantially r r 1 qr

and, as illugquabt %6 ES éﬂgfeg% e‘lgr% (%F%‘rle erni%%%dcwgﬁlhﬁé?éﬁ% rﬁ‘@ g@l gned
The flexible tosthafémmrrpmrw) 86, driteby esebmr&htessneppl@ihgem tbhtbe optem\uode)n nt egr al
| eaf springs g4 of the resilient support 80, each |leaf spring 84 being
associ at edwi t& one slot 82 | ocated adj acent an inner circunferenti al
surface thereof, and another slot 82 |ocated adjacent an outer
circunferential surface thereof. 2n The inner portion 86 has an inner,

axi al |y ext enBpelyfiexibleraemear 84 if ndbe fam okayalgnaate: REcUsl mendgrf ace of t he

outer race 74§L955t£rg\%112%5hbﬁ9r19% rﬁ%r aﬁ‘a ou{ér a%?\hfa@tp%?itldr{é E!% @4r Sﬁd,?’ and 5,
the inner portion I'so asarala y 1 nward
as illustrated in Figure 4, are preferably circumferentially aligned. The flexible
15 members 84 of the resilient support 80 thus provide integral [eaf 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 slot 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
ilustrated 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



ext endi ng shoul der portion 96 | ocated towards the upper (as illustrated) end
surface 98 thereof for engaging the upper surface of the outer race 74 of
the 25 rol Wowobeagdung 64 for axially supporting the bepgi/ng26d0016s
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-18xi ally extendi ng 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 | ower

(as illustratagienalppore®@a%uppota it PBeS ra8ld afd ket 8irf&idis Byer esi | i ent
support 80, so that the WO 2006/ 131694 PCT/ GB2006/ 001948 -10 resilient

support 80 i samiggsotdGd ..in both radial and axial directions by the
cartridge 100 A bearing nut 110 is attached to the inner surface 104 of the
cartridge 100 by 5 nmeans of nutually-engagi ng screw threads such that an

upper (as il Ausdariated) 11@ratsachieade tiod innkestréard MY otithelckdtriggag@esyt he | ower
end surface 112 of _the

C esilient support 80 to retain the resilient support
50 wi t hi n t NE1GEEP Ef MHGRAINGONoaiiscs oM pisees bFY Vialiol YRPepias IBSRAIERE
resilient sugREkhr&e oﬁ_ﬁe'b'elaHﬁ? nat 40 bH%}ad:ésQHé%\ﬁ_er EMEseidd M Hthe110 has
an inner axially extending surface 114 to spaced fromthe outer surface of

the outer ratesiiept sfppdiedbiniataig tea regjlienk sappait 8exdbhdinegraiidaedite 116 to
provi de a rad] fage | 1.0t ] radi .of the rotor
52 and beari %B%%S@%@B%ﬁ%ﬁ %E‘?gf&? Hg%%ﬁt%§ pgﬂ @adf‘ gﬁ‘?@@%&é’?d ext endi ng
portion 118 Rauireg, the beppey nlad 10 hbe shriatedxidyrddaeind 20fsated from t he

| ower end surface

f the outer race (4 of the aring to.is ovi de an axi al
end st op 1Sur PREE B TepEEh UERErT B rekRTRoR T T ChLT Begineet bR Dkar i ng
64. Retur ni ngxiAdhg@Ratee 1 1B tC/IN dedDRdIRNUSIAS bashediol amithe Rawksi ng 70
by neans of bolts 122 ther eb% to secure the resilient support 80 relative
to the 20 hewypmgnyof the rotor 52 and bearing 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 relative 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.



The resilient support 80 is preferably formed frommetallic material, such
as alumniumor an alloy thereof, tenpered steel, beryllium copper,

phosphor bronze, titaniumor an alloy thereof, or other nmetallic alloy. The
stiffness of wabbhisiésesi | i ent support 80 is determ ned bypthepgeeamabisy of
the slots 82. and thus the geonetry of the |eaf springs 84, and can be
accurately estimated wusing finite elenent analysis. W have found that the
resilient support 80 can be readily desighed to have a relatively |ow
radial stiffness in the range from 50 to 500 NNmm for exanple around
200NN mMm for inhibiting the transm ssion 30 of vibrations fromthe rotor 52

to the housi ng tAQ erME>ANGAT, mg%pwmaaa@%n@&k%ssupm sy@tehhfo‘i enbodi nment,
the punp 50 includes,a |ubricant sup F %Os ystem for | ubri cant or
th

other fluid tersbeing iubecar ariotensed tBLth%lmﬁ‘riQ)b@ﬂ*f@%g‘%ﬁ @fheptlotshe
resilient SUPBOD! th%%a&ﬁe@%’u@hgﬁ%'te%ﬁrﬁ bgﬁ‘ﬁéﬂépﬂbh&% v@@%‘n ?{Légélﬁts% fqr ~ dampi ng

vi brations of ero I'ng use o ubricant 5 supply
syst em conpr i s@spiagcémttiofugdhe potop52 miakingiueg ob the pumpdile Micclkbrid#  f or

supplying lubricant froma |lubricant reservoir of . the e tapered
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rotation of tiesngdiph %nctah?frbr%r IUBABANESMEbS oﬁh@“ﬂu’hb%ott@@ﬁé @ébeffé'cﬂface
126, into the | ower ?as illustrated nd of the bearing 64,

subsequent | y $l5fayﬁs@6aﬁf@e@m%wt e %ﬂ@@tﬁd @haneend 9é thremtomey. GWlthAn annul ar

groove 132 is r rtridge
100 for defle@ttelgtg)grm% ﬁt{%{;@% tg Lf’HhﬂgrgBft?cfiéfrom ?ﬁ\%ﬁ% a‘j]e?%%géﬂé‘%e&%@ds t he
resilient suplpmmeSO\Nelo(astnlhastratdftb dnalofitahearirgy $4edrundeubgequarnttly i nto t he
slots 82 of the resilient,support =8 rated in Figure

annul ar  gtbovdSSEIY ?g%rpg\rtngdpp%ﬁr PR O 85}?:5%””9;@% W PPRWEr @%9%816 1t‘qﬁésrem li ent
support 80 t ofophey iifitheFatiRfe eX@hbingalall f0®bVihatartidge i108Tbr dérimihge groove
132 in the cartridge 100 and feeding lubricant into the slots 82. The

| ubri cant gen&éPag dl‘%?éé@?éiaff’qfﬁ@“%iﬁﬁ?ﬂﬂggﬂ fQwrydadjeatesiient aepParh@esoand out er
circunferentigh; gUNfgGeHt FichRdbE§aviPiH09% Sbts &Y bfenk REALA L pport

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 cariridge 100 and feeding Jubricant 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 onthe 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 provided by the supp‘ﬁy 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



of the rotor 52, the danping filns are conpressed, generating hydrodynam c
20 pressure. The presence of lubricant maintained under pressure mﬁthin t he
slots has the effect of danping the vibrations, thereby attenuat 9

transfer of WRRYGIH5% i ons to the housing of the vacuum p&H§B2 W@ W@bree of
the danpi ng achi eved by the danping filns depends inter alia, 25 on the
geonetry of the slots 82 formed in reS|I|1 support 80. When the radia
width of the slots 82 is relatlvely | arge, “the formation of the slots 82 in
the cylindrical menber 80 is sinplified but the danping of vibrations by the
| ubricant therein is relatively |ow. Wen the slots 82 are relatively w de,

an additi onaleNdSpiRRe 1ﬂ?|%t%‘?‘?55‘§”b$l€ﬂﬂoﬂfe@ foy r?‘FﬁéV‘%bfﬂrVaBT d‘ﬁgﬂﬁ‘rg@gnt to
the 30 clearapeg, %%x%f' }éﬁ@é‘?ﬁh@ QL 8P a%%!lrgo%%gﬂé tﬁé‘ﬁxb‘ﬁ% rtﬁéfe 74 and the

inner axially extending surface 114 of the be ng nut illustrated
in Figure 5, ctdarangeay!belle hibevad p@ssﬁ@rtmmhahetolwrarmmm&forrg\sceove 136 in

ocilient supBOrtesbis PELBrRRBTICMPTGRe ATEhiooEs 9 REAE | ouer enas

of the slots @&chReheiodrahdBichiiickuliBiis asttiricd fohRe o lregdrasie ef thkGunipe
| ubri cant pa55| ng t hrough the clearance 116 forns a further danping film

for danping vioBrf QW‘&@QHW&'}@&"F‘&QH}@ earinged.| ubri cant 5 di scharged fromthe
cl earance 116 is returned to the oil reservoir of the punp 50 for
subsequent return to the bearing 64. Due to the feeding of lubricant from
t he annul ar grDmm/tetmeﬂeeaﬁng blubdeant frdgetheld®uar grbevesll 32 of 8@ aandidlgegr avi ty,

he | ubri d bed, ab I f I
ubri oant to TR0 G SEERMAEREHEG, nRORb e Bub BBl e sty 11

arranged i ans stmfawwrl@ngMngnumalnt twmbrs@étgmlowtﬁe g2 suppdraBoi s, gas
inlet 138 of the pu ocat ed above t he 8as outlet 140 fromthe punp 50,
and with the IV‘6}‘?@| f‘@(ﬂ’iuﬁtﬂ SQyig arangeddn apppriglhpesitrrezs Bairalgd IR GEYaRti al | y

vert ; gg'n{ . ! ??Jét gsa‘§QHl@g1ﬁ Pfﬁl‘erﬁﬁﬁ 5bhdb%tté@5§5bé fhe gte%ﬁle@m@ Aemithe
ppli to the slots 82 of the resilient support 80 separately
from pump 50, and with the longitudinal axis 142 of the pump 50 extendmg
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.



the supply of lubricant to the bearing, and in such a manner that the punp
50 <can be operated in any orientation. In this enbodinent, a simlar

| ubricant supply system may be used to supply lubricant to_the bearing 64,
and shield &5ﬁéﬁf¥1344 may be provided to resist seepagJQﬁGQQ%?mbﬁgt from
the bearing 20 64. The shield nay be a separate conponent, held in place by

a spring clip or other fastener, or may he an integral part of the outer
race 74. Aternatively, the bearing 64 may be |lubricated using grease (a
m xture of oil and a thickening agent). In order to supply lubricant to the

slots 82 of the silient su port 80, e anpul ar grooves 134, 136 forned
in the end sur“?Hb‘?e g OCWH@ Fillastygteghin P‘GHi?o?t“CBb'bgF%“td%Hpﬁ t’?dptpdb‘?de

lubricant r eS%ro\f@Brz%@ d§ﬁqﬁm i¥atioNdi mhh!s%rﬁ&odmﬁﬁ fmréddaéécxsnalélats@&n%& h

| ubricant and sealed wth a respective annular sealing elenment 146, 148
adher ed or ot lamgirgeringsuhd@d S2rareteacknetatediinf acespesfive hee Dé&\elanmﬂarsupport

partial 1y 111 0 B oroe skl A BT SR Gub SR SR 0, hesie”

bet ween t he sldai®idprinds 15 15esdrkicesignedpp date &Oet@dﬁ&@lyn@cﬁheaiadmﬂumﬁmng of
the lubricant occurs during use of the %50 WO 2006/ 131694
PCT/ GB2006/ 001Rtm1grooves 14, ?rﬁeat“HﬁP%S@%EHﬁj RiNGifiNdust4 ista !l $OMRIBPEY, no

l'ubri cant is synpé b@gnrt@numo Relaﬁve%t/%régré&aldcﬁémaaérhé%lo@ﬂ%rdt@r ghi s

enbodi nment, fifst and second el astoneric anpi ng rings 150, 152 are each
| ocated in a @eém@rtngé-ﬂlmmgfusenétlmmnwmaﬁo @m&me@@%e to3orefaivebd i n t he

end surfaces of ort The 152 are
designed to hm lpn%al atl eVYrﬁeq gnga{o%qént%?ﬂgﬂéé%tshéﬁ%feg 6%5 134, 136,
and the se;@ontdiadmm nnggsrﬂﬂ‘s(g 15&22co|bsa ra&iaayIcynmm@dsmdﬂtnnlgyntd&ﬁalm;mng nut
110. Rel ati vel Iarge r adi gl di@g&ﬂ%e_ nts of

he rot nd bearing 64
during use of #5088, NSRI&E r?@%ée'b’émﬂ b U@P ragﬁﬁwpﬁ‘?ﬁalgance

or when runni Rgp @Hu@éd aywaarﬁbm@rﬁ@ls 1H0EQHS, arfhts Boré fsenm@nﬂﬂg?ﬁss@gmrl ngs
150, 152 to be radla nFressed resulting in radi al danping of the

vi brati ons. \/\wéﬁwetw@raMpms herparisidee 80andvBeiefaredpithe hpysing 7Paditd todanpi ng
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 {o

damp vibrations, the pump 50 can again be operated in any orientation.

20



I s produced by the danping rings 150, 152, and so there is little

transm ssion of the vibrations to the cartridge 100 and therefore to the
housi ng 70. Due to the conpression of the second danmping ring 152, the
second danmping ring is 152 danps axial wvifyations of the bearing 64. Wt hout
relying on lubricant to danp vibrations, the punp 50 can again be operated
in any orientation. zo -14- Cains 1. A vacuum punp (50) conprising a
housi ng (70) and rotor (52) supported by a bearing arrangenent for
rotation rel ative %‘mﬁe housing (70), the bearing ar- rangenent conprising
a bearing (64) supported in both radial and axi al directions by a resilient

f?ﬁﬁ?;t ;TEE o c"“dr bA NRCHNM b&vbﬁ@&f&nﬁiﬁi‘r&eﬂ? ggzg&%i?ep y ?LLTE"
86, 88) connecte 36?01:0’?552? upgqﬁe 9)3 Eﬂ@gm ngg resilient

sup- port (80) having a to 500 N mm
2. A vacuum punp accdﬂﬁﬁmﬂelﬂl\tﬂtﬂmemg (Zabh &b euamg BExi bl e nenbers

and outer anntar pdRnEEf08ps EBFBGHSM S Bea Rl A RabhReR 1 [‘ot ?:Fal ma,
wherein the flexibl dothrraclial aﬂd)amledwemtms\?z@re;ahemsuP
vacuum punp accordlngpbyiany precedi ng claim erein the f eX|bIe nenbers

provide a plurality i ntegral |eaf springs of the resilient support.

characterised in that the resilient support (80) is
formed from a metallic material and comprises inner
and outer annular portions (86, 88) connected by a
plurality of flexible members (84), the resilient sup-
port (80) having a radial stiffness in the range from
50 to 500 N/mm.

2. Avacuum pump according to Claim 1, wherein each
of the flexible members (84) is an elongate, arcuate
member substantially concentric with the inner and
outer annular portions (86, 88).

3. A vacuum pump according to Claim 2, wherein the
flexible members (84) are circumferentially aligned.

4. A vacuum pump according to any preceding claim,
wherein the flexible members provide a plurality of
integral leaf springs of the resilient support.

5. A vacuum pump according to any preceding claim,
wherein the flexible members (84) are axially dis-
placed to axially preload the bearing.

6. A vacuum pump according to any preceding claim,
wherein the metallic material comprises one of tem-



5. A vacuum punp according to any preceding claim wherein the flexible
menbers (84) are axially dis- placed to axially preload the bearing. 6. A
vacuum punp according to any preceding claim wherein the netallic material
conprises one of tem-15- pered steel, alumnium titanium phosphor bronze,
beryllium copper, an alloy of alumniumand?an alloy of titanium 7. A
vacuum punp according to any preceding claim wherein the resilient support
(80) conprises a plu- rality of slots (82) defining said flexible nenbers.

8. A vacuum punp accor?ovI ‘étﬁeﬂd c]ggﬁmmﬂrrﬁgaﬁm?ﬁ'gppgﬁggoigroﬁy_ggl ying fluid

to the slots (82) to p arin cuum punp
according to daim 8§, éyhum cappef,lamca nsa&ow fluid
reservoir |locat- ed on fﬂ%ﬁ g@ﬁl i ent support and in fluid conmunication
with the slots (82). 8 J uum punp according to Claim$9, wherein the
reservoir conprises an annul ar groove (134, 136) forned in an end surface

f th | f d ai
8 to 10, wherein the ﬁvéﬁt?énbéﬁm@@é%@*@w&%m%ﬁ‘ﬂg Sl or
itippm ng fl;thd f;lom gmreaetheq'esﬂfenﬂ%lt rccnln Cs}lescat trrﬁung to Caim

erein e ul O Su ui [0) e bearin
(64) for lubrication tF@hcﬁf sflg& @éﬁﬂ@ﬁﬂ%ﬂ%ﬁﬁﬁ@g lesmbﬁé aim 12, )
wherein the
8. A vacuum pump according to Claim 7, comprising
means for supplying fluid to the slots (82) to provide
load-bearing damping films.

9. A vacuum pump according to Claim 8, wherein the
fluid supply means comprises a fluid reservoir locat-
edonthe resilient supportandin fluid communication
with the slots (82).

10. A vacuum pump according to Ciaim 9, wherein the
reservoir comprises an annular groove (134, 136)
formed in an end surface of the resilient support (80).

11. Avacuum pump according to any of Claims 8 to 10,
wherein the fluid supply means comprises a fluid
pump for supplying fluid from a source thereof.

12. A vacuum pump according to Claim 11, wherein the
fluid pump is configured to supply fluid to the bearing
(64) for lubrication thereof.

13. Avacuum pump according to Claim 12, wherein the
fluid pump comprises a wick (124) for supplying fluid
to the rotorfrom a source thereof, and a conical sur-
face located on the rotor for conveying the fluid to
the bearing (64) with rotation of the rotor.



fluid punp conprises a wick (124) for supplying fluid to the rotorfroma
source thereof, and a conical sur- face |ocated on the rotor for conveying
the fluid to the bearing (64) with rotation of the rotor. -16- 14. A vacuum
punp according to Caim13, wherein the4gearing (64) and resilient support
(80) are located wthin a cartridge attached to the housing (70), the
cartridge at least partially defining an annularcavity for receiving fluid
di scharged fromthe bearing (64) andfromihichthe discharged fluid is

l'ied und ' . i L et 80). 15. A
\Slgggulmepulrjr}r)] Scr;cogg%%@f’?nﬁ%@PO%‘?C@I@Q@?E%@%W@FQQ{@‘tﬁ(n c?atl surface
i s mounted on the rdy@aringl{64) andxesitientnsuppor (BOlvare lecated Caims 1 to
7, conprising at |east, one el stonerﬁc ﬁa I n nEp} ber ?b?o 152) | ocated
between the inner arWitbin @r?aéﬂqgﬁaa gene ﬁl% 0usg ( _:mﬁacuym punp
accordingto O ai m 1esantideiat least patlially defining eri aRhalrcaviflapi ng. menber
(;50,152) conprises, a ra Lal v bgdilaﬂ dangapg n§$b r apd gg axi al .

vi bration danpi ng némere.cemng/flw ISENANgeaItea} |31§’Qaf|ng 17, wherein
h i ent i : i ) ¢ q i
o Fespect i ve end surfadfrithwiichthgdiecittigudhaniptuppileudaeite T
according to any pregravibptathe sjotsafihe esilentsupposi (88)i al Iy | ocating the
bearing (64) and the resilient support (80) within the housing.
15. A vacuum pump according to Claim 13 or Claim 14,

wherein the conical surface is mounted on the rotor.

16. A vacuum pump according to any of Claims 1 to 7,
comprising at least one elastomeric damping mem-
ber (150, 152) located between the inner and outer
annular portions (86, 88).

17. Avacuum pump accordingto Claim 16, wherein said
atleast one elastomeric damping member (150, 152)
comprises a radial vibration damping member and
an axial vibration damping member.

18. A vacuum pump according to Claim 17, wherein
each resilient support (80) is located within an an-

nular groove formed in a respective end surface of
the resilient support.

19. A vacuum pump according to any preceding claim,
comprising means for axially locating the bearing
(64) andthe resilient support (80) within the housing.



-17- 20. A vacuum punp according to Caim 19, wherein the bearing (64)
conprises a rolling bearing having Inner and outer races (72, 74) and
wherein the axial locat- ing nmeans conprises a radial stop surface (114) for
restricting radial novenent of the outer 7ace (74) of the bearing (64). 21.
A vacuum punp according to Caim118 or Claim19 when dependent from d aim
17, wherein the axial vibration danping nenber (150, 152) Is com pressed
by the axially locating nmeans (114). 22. A vacuum punp according to any
preceding claim in the formof .a turbonol ecul ar vacuum punp

20. A vacuum pump according to Claim 19, wherem the

bearing (64) comprises arolling bearing havinginner
and outer races (72, 74) and wherein the axial locat-
ing means comprises a radial stop surface (114) for -
restricting radial movement of the outer race (74) of
the bearing (64).

21. A vacuum pump according to Claim 18 or Claim 19
when dependent from Claim 17, wherein the axial
vibration damping member (150, 152) is com-
pressed by the axially locating means (114).

22. A vacuum pump-according to any preceding claim,
in the form of a turbomolecular vacuum pump.





