- 1 - VACUUM PUW The invention relates to an insert for a punp, to a
vacuum pu Lhg such an insert, and to a nmethod gf | a
punp mseﬂ%7 z@&{}fggluum punps typically conprise a body an a rggtmg?dag
supported for rotation relative to the bady to draw gas froma t ool
connected to the inlet of the punp. The rotor is supported by a

beari ng arrangenment conprising two bearings |ocated at or

I nternedi ate respective ends of thessouom Puwgl |y, the upper
10bearing is in the formof a nmagnetic bearing, and the |ower bearing
isinthe .formof a rolling beari ng. As iIIustrated in Figure 1, a
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inner race 12 and the outer race 16. The rolling bearing 10 is
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axi al movenent o e outer race ro earing
secured to tHermof errolling bgasng.

As illustrated in Figure 1, a typical rolling bearing 10 comprises an inner race
12 extending about the rotor 14, an outer race 16, and a plurality of rolling

15 elements 18, supported by a cage 20, for allowing relative rotation of the inner
race 12 and the outer race 16. The rolling bearing 10 is lubricated to establish
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

20 damping ring 24 is positioned radiaily 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

25 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
30  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



25 threaded nut 30 which is screwed on to the end of the rotor 14 so

t hat the upBe, US(’O@?IS!I' | ustrated) axial end surface 32 of CEFLL%Zb(@%%ﬁZZ

race 12 engages an abutnment surface 34 of the rotor

magnetic bearing (not shown) typically c?nprl ses a stack of 30
nmagnetic bearing rotor rings nounted on The rotor 14, and a stack of
magnetic bearing stator rings, concentric with and |ocated inside the

rotor rings, npunted on an_axi a ust bl e mpunt i ng. whi ch
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offset. Due to the forces of repulsion between the rings, the rotor

14 is biased fings: He reiqral4 igibiasediip fhesaxighditectinn seithat apraxia auelpad is

applied to t 4 he rolling bearing 10 and t he danpi ng
rings 24, 28 e‘gggégfel K‘?t‘?e% aced when the punp is serviced. As there

is a tol ersance stack-up between the upper (as illustrated) axial end
surface of t I nner C 0 e i i nd
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may be subject to excessive wear, whilst if this preload is too | ow
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bearing 10 ha aced, I sconnecte rom
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connected by s% t%lexwhael rlnguntlng for ﬁ1e| nt%‘lelgnetnﬁ:ng)e%rn%g stator rings can be adjusted to
ensure that the axial preload is at the required value. This can considerably
increase the time required to service the pump.
20
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,
25 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
30  support so that there is a very low tolerance stack-up when the inser 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



25 the resilient support extending about a rolling bearing having an

I nner race,, %ﬁs%#lg{ly prel oaded outer race fixed to t%T/ Es/050022
annul ar pOI’PI on o he resilient support, and a plurality ror? I'ng

el enents | ocated between the races. Durlﬂg assenbly, the roI i ng
bearing can be accurately positioned within the 30 support so that
there is a very |Iow tol erance stack-up when the insert is fitted to
the rotor. Consequently, a set of inserts can be assenbled with the
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therefore al so provi des an |nsert for insertion around a rotor of a
punp, the insert conprising a netallic, 10annular resilient ort
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rel ati ve to about a rolling bearing having an inner race, an axially preloaded outer race
fixed to the inner annular portion of the resilient suppori, and a plurality of
rolling elements located between the races.
15
An axial end surface of the inner race is preferably axially displaced relative to
an axial end surface of the resilient support. The end surface of the inner
race is preferably axially displaced relative to the end surface of the resilient
support by a distance in the range from 1 to 3 mm, and in the preferred
20 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.

25  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 stifiness of the

30 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



an axial end surface of the resilient support. The end surface of the

I nner racewi?sﬁg(%gug%ﬁ ably axially displaced relative top?ffcﬁptgmiou 5
I t

surface of I ent support by a distance in the range tTrom

3 mm and in the preferred 20 enbodinent,is axially displaced by 1.8
mm The outer surface of the outer race"?’é preferably attached to an
I nner surface of the inner annular portion of the support. 25 Each of
the flexible nenbers is preferab an el gngate, arcuate nenher
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The support is preferably adhered to the outer race using an adhesive.

The present invention also provides a method of assembling a pump insert,
the method comprising the steps of locating an annular resilient support about

20 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.

25
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
iocation so that the end surface of the inner race is axially displaced relative to

30 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 support is preferably adhered to the outer race using an
adhesive. The present invention also provides a nethod i.ng
a punp ins‘gptzf"%fﬂﬁggfret hod conprising the steps of IocatP%tn”g(?BZzE&gﬁé% ar
resilient support about 20a rolling bear%ng havi ng an i nner race, an
outer race and a plurality of rolling etenents | ocated between the
races, positioning the bearing at a desired location within the
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an axial end surface of the inner race of the bearing engages the rotor, and

15  securing the insen to the rotor.

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

example only, with reference to the accompanying drawings, in which:

20 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 insett including a rolling

bearing;
25
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
30

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



punp conprising a body and a rotor supported for rotation relative to

t he body, e h conprising the steps of sliding a
aforenentf%ﬁg(%@@gsgthe rotor until an axial end surfatr:])(hq?ﬁp%m5
support engages the body and an axial end surface of the inner race
of the bearing engages the rotor, and 15sécuring the insert to the
rotor. Preferred features of the present invention will now be

descri bed, by way of exanple only, with reference to the acconpanying
drawi ngs, in which: 20Figure 1 illustrates a cross- sect i onal view of
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punp i nsert S@Q”WHEC%JfSHPH%”?fLHY a&@gg Bwﬁ'ﬁrrﬁf?a)é%ﬂ?t' V\%at?'ﬁd'?ﬂfr
The insert 50ae8MPrdriRtfe dukdionte ne! h'h@%ib@@béékﬂwglﬂ') RAluBeSHREd egstabizne
with reference to Figure 1, and which 5conprises an inner race 12, an

outer race 162 logadcPaaryiNailaN saRRraingthe beagne FempAReNts & rallingRnd diding, a
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The roliing bearing 10 is located within an annular resilient support 52, which
is illustrated in more detail in Figure 3. The resilient support 52 comprises a
metallic member having integral inner and outer annular portions 54, 56
15  connected together by a plurality of integral flexible members 58 formed by
machining slots 60 in the support 52. Each flexible member 58 is connected
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
20 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.

25  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

30 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.



contact in order to mnimze friction and wear, and shield el enents
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resilient support 52, which is illustrated in nore detail in Figure
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bearing 1P THERY ”;ajtil%rt engagi ng portion 82 has an annul ar, planar
surface 86 which is |located on the axial end surface 68 of the

support 52 so that the bearing engagi ng portion 84 of the spacer 80
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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
25 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
30 relative to its support 52, and each rolling bearing 10 has the same axial

preload.



15 support 52. As also illustrated in Figure 4, a resilient nenber

90, prefer@,glf os?nﬁ]ﬁPSi on spring, is |ocated between thq,%g@“gangnd

t he bearing € resilient nenber 90 preferably has one en
connected to the annul ar surface 86 of the 20spacer 80 to retain the
resilient nmenber in position. As the bearing 10 is noved towards the
spacer 80, the resilient nenber 90 is conpressed between the spacer
80 and the outer race 16 of the bearing 10 to exert an_ axial |oad on
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| ocation, thig, tesild it }i ithtGigt he
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screwed on to the end of the rotor 14 to secure the inner race 12 of the
bearing 10 to the rotor 14. If the pump also has a magnetic bearing forming
part of its bearing arrangement for supporting the rotor, the mounting for the

10 magnetic stator rings of the magnetic bearing is adjusted to exert a desired

axial preload on the rotor 14.

During servicing of the pump when it is in situ for evacuating a tool, the rotor
14 is again restrained to prevent its rotation, the oil nut is unscrewed from the
15  rotor 14 and the insert 50 is removed from the pump. A fresh insert 50 is then
inserted on to the rotor 14 and slid in position, and the 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
20 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 tooi to adjust

the axial preload on the rotor 14.



During assenbly of the punp, and with the rotor 14 restrained to
inhibit its rotation, the insert 50 is |ocated over the end 15 of the
rotor 14, and is slid along the rotor 14 until the axial end surface
68 of the support 52 engages the 5 pungp-body 26 and the axial end
surface 32 of the inner race 12 of the bearing 10 engages the
abutment surface 34 of the rotor 14. The oil nut 30 is then screwed
on to t heCbAMM®f the rotor 14 to secure the inner race 12 of the
bearing 10 to the rotor 14. If the punp al so has a nagnetic bearing
formng part of its bearing arrangenent for supporting the rotor, the
mounting for theelimeeraetandliag atrompringefid5eF theteethed petirsingdde i ng i s
adj usted to ex&g,gsg\r desired axial preload on the rotor 14, During
servicing of the punp when it is in situ for evacuating a tooI t he
rotor 14 is again rlecatingeRaanyle rﬁ?'ﬁﬁ?féﬁﬁpﬁqﬁﬁ?bﬁb&vi%FP”'”QW@E‘WFQ (But is

unscrewed fronpdvilgy alnﬁﬁx%r%c 42p8d ohi&?rdc@%%’)tanég dl@alﬁt?ﬁﬂ’éﬁ%ﬁgf romthe
pump. A fresh insert is then insert to the rotor 14 and slid

in position, afl8Meme H:'I locaipd bebvges tE‘?:Faéﬁ%&hB@éW'é‘Pﬁ *%th?ﬁ%’pFGf or to
retain the insert &Q)smemﬁ?metbéaﬂng ) B i &sired Ictav@ WithiPWetlsabgsrayse

stack-up betweep the axial end sur e 68 of the support 52 and tﬁe
axi al end surf@%@"%té’%'faxfarlngnﬁ’ ﬁW’EaFePgﬁ\SSfEPQﬁ(#E@" earing 10, the

axi al position 20 ot thifecattnofixidgtheisLppdraisd) mtl@@aﬁtgﬁace {16abftakl , as a
result of cha ert, 50. e is no need to
(i sconnect t nastig 1 shiREbYBE R RPSEf BT buberai Phfe 5B Bad on ¢ he
rotor 14. -9- CLAIMS 1. A nethod of assenbling a punp insert (50),

t he met hog co i . f n nul ar
resili entgsupg%He%%CEQ—gmé%gg?arrgﬂIWhere’l? at thé 88%1‘?8 ag{;}? %ﬁ an i nner
race (12), an axialend patase(of Bie inred ra:eﬁﬂa)rlabxraljy di$placedIrglative to the

axial end surface of the resilient support (52).

3. A method according to Claim 2, wherein a spacer (80) is used 1o position
the bearing (10) at the desired location so that the end surface of the inner
race (12) is axially displaced relative to the end surface of the resilient
support (52) by a desired amount.

4, A method according to Claim 3, wherein the spacer {80) has a support
engaging portion for engaging the end surface of the support (52), 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 (52) engaging portion of the spacer (80), and wherein the
bearing (10} is positioned within the support (52) so that the end surface of
the inner race (12) engages the bearing engaging portion of the spacer.

5. A method according to Claim 4, wherein a resilient member (90) is
provided between the spacer (80) and the outer race (16) for applying the
axial load to the bearing (10) when it is positioned at the desired location.



el enents (18) |ocated between the races; characterised by the steps

of positioning the bearing (10) at a desired |ocation within
the support (52) relative to an axial end surface of the support
(52); and at this location, fi-xiong the support (52) to the

outer race (16) of the bearing (10) whi | st applying a preload to the
outer race of the bearing. 2. A nethod according to Claim1, wherein,
at the de8i r edAmsshad aseording taghppresedingelaim siersin thasuprareB2)iace (12)

is axially di 5&5!’%?@048'{#4 é\ﬁtér"r‘écé ?'r? gﬁné‘éh £Rd surface of the

resilient support (52) accor ing to Claim2, wherein a
spacer (80) is used to p05|t| on the bearing (10) at the de5| red

| ocation $0 t hahmdiRy a%@élrd‘r‘n'grtcﬁ @ﬁ@p@ﬁedﬁ?cléﬁﬂﬁfhefeﬂ@ﬁeGés?l)enl s axially
di spl aced rel ative to the end surface he resilient support (52)

by a desired aHPRAT ( QACO’APH@SHWF%@BW&W{U‘“{% pertighteanegigd P¥An t he
spacer (80) ha@u@n@wwme ﬁ@mmanmﬁé;bmhé BliteLERGE BEthk RAtepnd
surface of the su&pﬁg gg(} and ear]J g 'ga ing portion which
protrudes int d2ERLIE BT "t"h@n? 8F¢ oS e’ i eartigRBUNE when t he
end surface ofsdppert@gport is engaged by the support (52) engagi ng
portion of the spacer (80), and wherein the bearing (10) is
positioned within the support (52) so that the end surface of the

i nner racg& (12An megag‘@fcn'hsebeararm@d@rrgagbmpmptth@rmsaft corhgrisrpacer .
5. A nmet hod aCCﬁ]I‘EII a resilient jnember (90) is

ot ovi ded ot aiteriB e et re By suhfiT I Baphifty hE He RS, ool i ng
t he axi al | oadartnalar heﬂnbmmrmgct(adﬁy awheaiity ¢f flesiblposenbanédB)ahet he
desired | ocati - edi. i m
wherein the Sur%glg?qt s%%rﬁSZféﬁ*d%%%b%ﬁpf ﬁqfng%egﬁngﬂgﬁéﬁa{ ir%;)eg‘l lﬁ'lger%cae
adhesi ve. {12), an axially preloaded outer race (16), and a plurality of rolling elements (18)
located between the races characterised in that the outer race is fixed to the

inner annular portion of the resilient support.

9. An insert according to Claim 8, wherein an axial end surface of the
inner race (12} is axially displaced relative to an axial end surface of the
resilient support (52).

10. An insert according to Claim 8 or Claim 2, wherein the end surface of
the inner race (12) is axially displaced relative to the end surface of the

resilient support (52) by a distance in the range from 1 to 3 mm.

11. An insert according to any of Claims 8 to 10, wherein the outer surface
of the outer race (16) is attached to an inner surface of the inner annular

portion of the resilient support (52).

12. An insert according to any of Claims 8 to 11, wherein each of the
flexible members (58) is an elongate, arcuate member substantially

caoncentric with the inner and outer annular portions.



7. A method according to any preceding claim wherein the resilient
support (52) conprises inner and outer annul ar portions connected by
a plurality of flexible nenbers, and wherein the outer surface of the
outer race (16) is fixed to an inner-surface of the inner annul ar
portion of the support (52). 8. An insert (50) for insertion around a
rotor of a punp, the insert conprising a netallic, annular resilient
support (BR) donipsérsagegrdingieClamd 2ouwheeingha idxdile pentbean$8caanect ed by
a plurality of . flexibl. . s (58), the resilient support (52)

ext endi ng aboucfrcﬁrﬁiék)%llg:glwg@@g%{'i ng (10) having an inner race (12), an
axially prel oaded outer race (16), and a plurality of rolling

el enent s 8) o - I 40 that the

out er rac{e%i S 4n| 'ﬁ%ﬁ%&gﬁ]@?%ﬁiw‘g%ﬂﬁﬁfﬁ pb%lglrgﬁ{tgéﬂt ILIéIQresi i ent
support. 9. Armémbess (58 euyidgiagjurelly of niegra leajpitings af tha replieat end
surface of th%u%ﬂé}ﬁr race (12) is axially displaced relative to an
axial end surface of the resilient support (52). 10. An insert
according to Claim8 or Claim9, wherein the end surface of the inner
race (12)14 s & pbdradtoRiAe8fy bECRIMyStol @, WhsrefNHe MstdiRce of the
resilient support (52) by a distance in the range from1l to 3 nmm 11.
An insert accdP PR cepPEssy e obierrgtedsieal A@ninliie FENW™ he out er
surface of theneuiRl bFhes, Hehfiur Soppkt, a6 Ak dfalmnniumner sswbpce of the
i nner annular portion of the resilient support (52). 12. An insert
according to V@™ aims 8 to 11, wherein each of the flexible
nmenbers (58) is an el ongate, arcuate nenber substantially concentric
with the{ ner. and outer annul ar @orti ons. . -11- &3df An itnsert
according'to & WRGHTRUMGETHIRNG APOPY 80 BIrdohERpeTe PEgaish e

ci rcunf er ent i atlajiveatoitigmeety bi/d befning asendenant conorisghgtam ingeyt (60) Cl ai ns 8
to 13, wherein the. flexib . S=(58) provide a plurality of

i ntegral | eaf astzg?rﬁwastog?y%fﬁ%gﬁg?ﬁpﬁgm support. 15. An insert
according to any of Clains 8 to 14, wherein the netallic materi al
conprises one of tenpered steel, alumnium titanium phosphor

bronze, berylliumcopper, an alloy of alum niumand an all oy of
titanium 16. A vacuum punp conprising a body and a rotor supported
for rotation relative to the body by a bearing arrangenent conprising
an insert (50) according to any of Clains 8 to 15.



