VACUUM PUWP The invention relates to an insert for a
punp, to a vacuum punp including such an insert, and
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typically conprise a body and a rotor supported for
rotation relative to the body‘lO draw gas froma t ool
connected to the inlet of the punp. The rotor is
supported by a bearing arrangenent conprising two
bearings | ocated at or i MAGUEMN BUMP espective ends of
the rotor. Usually, the upper bearing is in the form
of a magnetic bearing, and the |ower bearing is in the
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a typical rolli ngﬁbearl ng 10 co rises an inner race

1sugh paraserd anbia a methpdobassam brﬁgamténpwwet.le, and
a plurality of rolling elenents 18, supported by a
cage 20, for allowing relative rotation of the inner
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260t of A¢olnn egﬂh danpl ng radi al novenent of the
outer race %b An aX| al danping ring 28 is provided

bet ween an axi al end surface of the outer race 16 and
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a load-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 seepage of lubricant from the rolling bearing 10. A radial
damping ring 24 is positioned radially between a radial end surface of the
outer race 16 and the body 26 of the pump for damping radial movement of
the outer race 16. An axial damping ring 28 is provided between an axial end
surface of the outer race 16 and the body 26 for damping axial movement of
the outer race 16. The rolling bearing 10 is secured to the rotor 14 by a
threaded nut 30 which is screwed on to the end of the rotor 14 so that the
upper (as illustrated) axial end surface 32 of the inner race 12 engages an

abutment surface 34 of the rotor 14.

The upper magnetic bearing (not shown) typically comprises a stack of
magnetic bearing rotor rings mounted on the rotor 14, and a stack of magnetic
bearing stator rings, concentric with and located inside the rotor rings,

mounted on an axially adjustable mounting which is accessed through the



The upper nmagnetic bearing (not shown) typically
conprises a stack of magnetic bearing rotor rings
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bearing stator rings, concentric with and | ocated
inside the rotor rings, nmounted-on an axially

adj ust abl e nounti ng which is accessed through theinlet
of the punp. The axi al posi tion of the nmounting is
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increase the time required to service the pump.

The present invention provides a vacuum pump comprising a body and a rotor
supported for rotation relative to the body by an insert inserted around the
rotor, the insert comprising a metallic, annular resilient support comprising
inner and outer annular portions connected by a plurality of flexible members,
the resilient support extending about a rolling bearing having an inner race, an
axially preloaded outer race fixed to the inner annular portion of the resilient

support, and a plurality of rolling elements located between the races.

During assembly, the rolling bearing can be accurately positioned within the
support so that there is a very low tolerance stack-up when the insert is fitted
to the rotor. Consequently, a set of inserts can be assembled with the rolling

bearing being located in the same position relative to the support throughout



i nner and outer annul ar portions connected by a
plurality of flexible nenbers, the resilient support

we@zaiosneliteg about a rolling bearing having an i PCEGB2008/050022

10

15

20

25

30

race, an axially preloaded outer race fixed to the
i nner annul ar portion of the rgsilient support, and a
plurality of rolling elenents | ocated between the
races. During assenbly, the rolling bearing can be
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the resilient support extendi ng about a rol
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reS| su ppor and a p y of rolllng el enment s
Iocated bet ween the races. An axi al end surface of the
i nner race is égeferabl axi ally displaced relative t
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I thSrt% ea]: Slrs{aendce in the range from 1 to 3 mm, and in the preferred

embodiment is axially displaced by 1.8 mm.

The outer surface of the outer race is preferably attached to an inner surface

of the inner annular portion of the support.

Each of the flexible members is preferably an elongate, arcuate member
substantially concentric with the inner and outer annular portions. In the
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
resilient support. The radial flexibility 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 drive



enbodi nent is axially displaced by 1.8 mm The outer
surface of the outer race is preferably attached to an
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support. Each of the flexible menbers is preferably an
el ongate, arcuate nenber substigntially concentric wth
the inner and outer annular portions. In the preferred
enbodi ment, these nenbers are circunferentially
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punp speed and hence the | evel of punp vibration for a
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The present invention also provides a method of assembling a pump insert,
the method comprising the steps of locating an annular resilient support about
a rolling bearing having an inner race, an outer race and a plurality of rolling
elements located between the races, positioning the bearing at a desired
location within the support relative to an axial end surface of the support, and
at this location, fixing the support to the outer race of the bearing whilst

applying a preload to the outer race of the bearing.

As discussed above, at the desired location an axial end surface of the inner
race is preferably axially displaced relative to the axial end surface of the
resilient support. A spacer may be used to position the bearing at the desired
location so that the end surface of the inner race is axially displaced relative to
the end surface of the resilient support by a desired amount. For example,
the spacer may have a support engaging portion for engaging the end surface

of the support, and a bearing engaging portion which protrudes into the bore



The present invention also provides a nethod of
assenbling a punp insert, the nmethod conprising the
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rolling bearing having an inner race, an outer race

and a plurality of rolling eleents | ocated between

the races, positioning the bearing at a desired

| ocation within the support relative to an axial end
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desi red anmount when the end surface of the support is
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apptyfimgthdimsaritalthd estdr.t o t he bearing when it is
positioned at the desired | ocation. The present
invention further provides a nethod of assenbling a
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Figure 1 illustrates a cross-sectional view of a known rolling bearing

supporting the rotor of a pump;

Figure 2 illustrates a cross-sectional view of a pump insert including a rolling

bearing;

Figure 3 illustrates a perspective view of the resilient support of the insert of

Figure 2;
Figure 4 illustrates a method of assembling the insert of Figure 2; and

Figure 5 illustrates a cross-sectional view of the insert of Figure 2 supporting
the rotor of a pump.



over the rotor until an axial end surface of the
support engages the body and an axial end surface of
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securing the insert to the rotor. Preferred features
of the present invention wll_gow be described, by way
of exanple only, with reference to the acconpanyi ng

drawi ngs, in which: Figure 1 illustrates a
cross-sectional view of a known rolling bearing
supporting the rotor of a punp; Figure 2 illustrates a

cFigweskiliusivates avcress-aectomalmew oé the pumplinsém§0awhich forms
rolli earing; Figure 3 illustrates a spect.i ve
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cicopprisestanonaer kEcew hfan eiger raner t6,@ndr glurality of rolling
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insert 50 conprises a _known rolling bearing 10 as

daslepdiradryisbiien §grarating hehearingcemgapents in sallingjandsliding

C QBRI CE 57 oRTEr 18 PRIk 26 Frickion &Y \glﬂéﬁranrdaé?ﬁel eégerﬂgﬂtsa% are
plurality of rolling elenents 18, supporte y a cage
2@rovided & resistrepepabataf Wwbricanhfroomthefrotling beamieg ttace

12 and the outer race 16. The rolling bearing 10 is

| ubricated to establish a load-carrying film

S gy AN ddtMgPrRIS 1B8ate@ IS BhSarinuldrakbiliBst &iport 52, which
sliding contact” in order to mnimze friction and _
wésilustiatedsnireere detainmbigupe 3arlhepiesiiieabauprert B2icomprises a
S I Leant. from. i ' 10 2
SHRRTE AlrbUPLagAInbRTING 4| P gHAaR Bpuths S0e

I eohhieted together by a22pluvdiity bf intedral flesitslatreembers®8 éormed by

g(?rt\aaclzrlinilng s'lzcl)t uEsr()ein?fhe lﬂSpér‘? %|2|. Ifgcth f?e%t?lgrrﬁer%%e(r:gg?sr Ic:g’reljr?ected
by a first resilient hinge 62 to the inner portion 54, and by a second resilient
hinge 64 to the outer portion 56. Each flexible member 58 is in the form of an
elongate, arcuate member substantially concentric with the inner and outer
annular portions 54, 56, and, as illustrated in Figure 3, the flexible members
58 are preferably circumferentially aligned. The flexible members 58 of the
resilient support 52 thus provide integral leaf springs of the resilient support

52.

Returning to Figure 2, the outer radial surface 38 of the outer race 16 of the
bearing 10 is fixed to the inner, axially extending cylindrical surface 66 of inner
portion 54 of the support 52, preferably using an adhesive. The bearing 10 is
preferably positioned within the support 52 at a location at which the axial end
surface 32 of the inner race 12 of the bearing 10 is axially displaced from the
axial end surface 68 by a desired amount y, which is preferably in the range

from 1 to 3 mm, and which in a preferred embodiment is 1.8 mm.



metal I i c nmenber having integral inner and outer
annul ar portions 54, 56 connected together by a
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machi ning slots 60 in the support 52. Each flexible
menber 58 is connected by a fijyst resilient hinge 62
to the inner portion 54, and by a second resilient
hinge 64 to the outer portion 56. Each fl exible nenber

r ,
S R T Bl o PR g ARSI Bigcer 50 s soc
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wiof e sm@rs&%pmtrtudgg into the hera P& the supperh 2y theidasired
engh G2 ;‘ﬁwdé an%g i m&% Q3hto. tﬁ% B¥re bbeof?ﬁé‘%@go%;%a and

i S axi aI from € aXxi al end surface
a mlpasln@dit(mm'detthq spatercd0 ustiljhefaiahbhy surface82rartige inner

f f d enbodi [
1 raoRT2 rangiacgs and Arial 8nd suaad ABidl e bPauSd aRgRaG Rarion 84
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at the desired |location within the support 52

sp@mg ag@dheasiva te @adpera thengjaegr r@lqj@w‘fa@ﬁ Iofftbe outer race 16 of
CTHEefiob 1t Bihe NG B e b MRy S8 ot e

axupporrBp. sur face 32 of the inner race 12 of the
bearing 10. The support engagi ng portion 82 has an
annul ar, planar surface 86 whi ch is |l ocated on the

D AShS ML SLARPERROE, L NIRE B2 o8 ifole epsion

i rspoinghis Ibcated t@tween ilee spmmr&O ad the Ibemutga!;@r dte resilient
member 90 preferably has one end connected to the annular surface 86 of the
spacer 80 to retain the resilient member in position. As the bearing 10 is
moved towards the spacer 80, the resilient member 90 is compressed
between the spacer 80 and the outer race 16 of the bearing 10 to exert an
axial load on the outer race 16. When the bearing 10 is positioned at the
desired location, this resilient member 90 applies a known axial load to the
outer race 16, so that in the assembled insert 50 the outer race 16 is axially

preloaded.

A set of inserts 50 can thus be assembled, sequentially, using the spacer 80
so that, within the set, each rolling bearing 10 is located at the same position
relative to its support 52, and each rolling bearing 10 has the same axial

preload.



anmount y. The bearing 10 is inserted into the bore 70
of the support 52, and is pushed towards the spacer 80
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engages the axial end surface 88 of the bearing
engagi ng portion 84 of the spgrer 80. The bearing 10
is then fixed to the support 52, preferably using an
adhesive to adhere the outer radial surface 38 of the

_ ¢ . .
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outer race 16. When the bearing 10 is positioned at
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¢ RERY s Alnd Ahdeta el Yoo ind Ragh e ffurlg for the
pmeagrasdiedstatdr siatys of thersaignetid Bearng ishadjubtedate sl & desired
se u?nti ally, HSi n%) the spacer 80 so that, within the

séial prelpad onthegoEdf ng 10 is ocated at the sane
position relative to its support 52, and each rolling
beari ng 10 has the sanme axial preload.Figure 5

i IDuring sereicingef thaseinp Bhenrit isiin sitaforevaduatingtadool she rotor

of, .a vacuum pumnp. i ng_.assenbl th

it AR Bl ATg PrbIen (e ioh, Bhe Pl RLPE TiscBflieg from the
t h6tor naedrid e inSert 60ds esmeved frolethenslmp. @ frédteinseH®@O is then
14, and is slid along the rotor 14 until the axial end

s ingestes gptathe ptorsihppd slid in pegjtigpandithe oil nut 30 is screwed

back on to the rotor to retain the insert 50 in position. As there is a very low
tolerance stack-up between the axial end surface 68 of the support 52 and the
axial end surface 32 of the inner race 12 of the bearing 10, the axial position
of the rotor 14 will hardly change, if at all, as a result of changing the insert 50.
Consequently, there is no need to disconnect the pump from the tool to adjust

the axial preload on the rotor 14.



punp body 26 and the axial end surface 32 of the inner
race 12 of the bearing 10 engages the abutnent surface
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to the end of the rotor 14 to secure the inner race 12
of the bearing 10 to the rotor914. If the punp also

has a nmagnetic bearing formng part of its bearing
arrangenent for supporting the rotor, the nounting for
the magnetic stator rings of the nagnetic bearing is
adjusted to exert a desired axial preload on the rotor
Lé_ﬁﬂﬂing servicing of the punp when it is in situ

for evacuating a tool, the rotor 14 is again

restrained to prevent its rotation, the oil nut is

uniscr eviegheltticdrot assemibliig 4 pudiislinsba, thesethdelcdrBprising the
renmoved fromthe punp. A fresh insert 50 is then

i nsert &ERFO% o the rotor 14 and slid in position, and
the oil nut ' : : .
ool he (BB SFAFHRHL AR pBof ABcEPR 1 pegring
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68 of icgq(fas ?rt Sﬁ" and the axial end surface 32 of
the in t?‘ig’g WPDHING FEBearing 10, the axial
posi tion of goariohHPiheleaMrld at@ﬂééi)’ed:{&gg% withiRthe support

all, as a result of” changing the inser
Consequielativg o anaxial iendraurtasedfitbe supportinand t he punp
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resilient support about a rolling bearing having an
i nner race, an outer race and a plurality of rolling

ebemenixSefisH §6’cd’r@fn‘qet%rbl'éhﬁ 1, Wr%?éin??ﬁfh‘éi Y% bB&ion, an
bearing at a desired™ ocation'wthin e support
rel at i agial endrsusfaicelof dinel irmer frace isodixiahedisplagedtrelating to the

axial end surface of the resilient suppont.

3. A method according to Claim 2, wherein a spacer is used to position
the bearing at the desired location so that the end surface of the inner
race is axially displaced relative to the end surface of the resilient

support by a desired amount.

4. A method according to Claim 3, wherein the spacer has a support
engaging portion for engaging the end surface of the support, and a
bearing engaging portion which protrudes into the bore of the support
by the desired amount when the end surface of the support is engaged
by the support engaging portion of the spacer, and wherein the bearing
is positioned within the support so that the end surface of the inner

race engages the bearing engaging portion of the spacer.



at this location, fixing the support to the outer race
of the bearing whilst applying a preload to the outer

w0 a8/099134 he bearing. 2 . A nethod accordi ng tPCTZGER098/050022
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1, wherein, at the desired | ocation, an axi al end

surface of the inner race is 6|ally di spl aced

relative to the axial end surface of the resilient

support. . A nmethod according to Claim2, wherein a

s acer js use 05|t n.the bearing at.the desir

ati dh "geih?fﬂam Bituda i o sdeds nch s isnb meriae B rovided

aX' al | yheiveeh A5 9p é&ir%rid’lﬁetdhtéh%cﬁrfgr §|9;5|§/ﬁ1§%@fax¥eﬂ%ad to the
resilient support by a desired anpunt hod

accor dibegring véhen mlsaposmmedaahthehte%rpdde@atms a
support engaging portion for engaging the end surface
of the support, and a bearing engagi ng portion which

pradt r udemdtidd atberding 1© iy prleeedingim, Wherbi thesuppart is
anmount when the end surface of the support is engaged

by t he alispeA to BieRgPhERGEHSING ANGINEesYespacer, and
wherein the bearing is positioned within the support

so that the end surface of the inner race engages the
b&ari ncA majlaqd Rgcqrdirtg t@ranyf prtebedmgadaam Svherdimtbelredilient
accordi n I ent,. nenber

o ovi doWPREr e TaeS Iferatd Bufer eRBUPerITa PTnscted by a

appl yi Hufaliy ePfiexiblé adshmberst BAd Rarsreimahehiter durfae of the outer
positioned at the desired |ocation. 6. A nethod

accor dirage isfixad/topreineer syrfacaichthadneeeannyinepgtigpoithe
IS adh 2@ Ho the outer race using an adhesive. 7 . A
net hod a ordlng to any preceding claim wherein the
resilient support conprises inner and outer annular

ortions connected b lurality of flexible
PR whdinnaoftie: BapBlorcafouE IOk Sl Bumey theipae Somprising a

L 'f xtegetrﬁean.c', BARGIa? Hdif stbpbA%ohiBHin AR 8hd RRidr fHhular
portions connected by a plurality of flexible members, the resilient
support extending about a rolling bearing having an inner race, an
axially preloaded outer race fixed to the inner annular portion of the
resilient support, and a plurality of rolling elements located between the

races.

9. An insert according to Claim 8, wherein an axial end surface of the
inner race is axially displaced relative to an axial end surface of the

resilient support.

10.  Aninsert according to Claim 8 or Claim 9, wherein the end surface of
the inner race is axially displaced relative to the end surface of the

resilient support by a distance in the range from 1 to 3 mm.

11.  Aninsert according to any of Claims 8 to 10, wherein the outer surface
of the outer race is attached to an inner surface of the inner annular

portion of the resilient support.



support. 8 . An insert for insertion around a rotor of
a punp, the insert conprising a nmetallic, annular

WO e®Bl9HEBt support conprising inner and outer BECITNGB208/050022
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portions connected by a plurality of flexible nmenbers,
the resilient support extendipg about a rolling
bearing having an inner race, an axially prel oaded
outer race fixed to the inner annular portion of the
resilient support, and a plurality of rolling elenents
| ocated between the races. 9. An insert according to

Chiai m @n indBRREHY &%hﬁi/ oPOhifd'd /£ €1 ‘Whér’éﬁw éﬁé}%f the
race is axially displaced relative to an axi al

sur f ac#eibla membkarslis antelengsier arcuate mmbefss@bstantlally

S 1 aceoRreRrE TR Phet R Blibran R Raidnte

reI ative to the end surface of the reS|I|ent support
a distance in the range from1l to 3 nm

i ﬁ@ert Adcipsediasgording g C 'md Ziwhersgin @elft?x'b/lﬁém%mhetwe
out er %HEw?ﬁ@reﬂPaﬁWﬁlgﬁé race i s attaphed to an
nner

i nner surface o annul ar portion of the
reS|I|ent support.12 . An insert according to any of
n eac

Fd%an iohgat ol leaREbeRinsilio:s, wippin he floxble
Concenfn'iérﬁbétst probiie 4 Bﬁ‘ﬁéht?@ﬁ' wﬁé‘@r%'l I 3pliAgs BPfHé fsfient
13. An insert according to wherein

f1 exi bisdppefitbers are ci rcum‘ erent| aI ly ali gned. 14. An
insert according to any of Clains 8 to 13, wherein the
flexible menbers provide a plurality of integral |eaf

sp6i ngAndhséhactesling enany upCHiins 8 to 14, wherein the metallic

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

of titanium.

16.  Aninsert according to any of Claims 8 to 15, wherein the resilient

support is adhered to the outer race using an adhesive.

17. A vacuum pump comprising a body and a rotor supported for rotation
relative to the body by a bearing arrangement comprising an insert

according to any of Claims 8 to 16.

18. A vacuum pump comprising a body and a rotor supported for rotation
relative to the body by an insert inserted around the rotor, the insert
comprising a metallic, annular resilient support comprising inner and
outer annular portions connected by a plurality of flexible members, the
resilient support extending about a rolling bearing having an inner race,
an axially preloaded outer race fixed to the inner annular portion of the
resilient support, and a plurality of rolling elements located between the
races.



15. An insert according to any of Clains 8 to 14,
wherein the netallic material conprises one of

W@ eopevasd steel , al umi nium titani um phosphorP@r/GB2@®8/050022
beryl I ium copper, an alloy of alum niumand an all oy
of titanium 16. An insert acggrding to any of C ains
8 to 15, wherein the resilient support is adhered to
the outer race using an adhesive. 17. A vacuum punp
conprising a body and a rotor supported for rotation
relative to the body by a bearing arrangenent
conprising an insert according to any of Clains 8 to
16. 18. A vacuum punp conprising a body and a rotor
suPpor tedhetind pbasaeaniplingsd sacuemtrunih eompdigingya bady and a

compr | 4P0% SubfEndd RS e o ME Bk Shi maptpod comerising

5 conpri i’th@@td;ﬁﬁﬁrslldﬁ'@ avirgertatedtding o bhy ONE18MY® e ¢6 over
by a plurality of flexible nenbers, the resilient

suppor tth%k‘?t@hHPWga’hﬁ%iél erd ﬁBTfWEh@f ts@awnp@wg%esahe body
I nner ragen Qﬂﬁﬁé(h@%?fa@é 5} @%qﬁﬂepl%tc%rofrtﬁ@%eEPlﬁg%nbgges the
t he i nner annu portron of the resilient su re,

and a pobtorgand geairingothleiingert kethentodon. ocat ed betmeen

the races. 19. A nethod of assenbling a vacuum punp
conprising a body and a rotor supported for rotation
relative to the body, the nethod conprising the steps

of sliding an insert according to any of Clains 8 to

16 over the rotor until an axial end surface of the
support engages the body and an axial end surface of

the inner race of the bearing engages the rotor, and
securing the insert to the rotor.



