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10 mechanical vibration. For example, the transmission of vibrations to an
electron microscope can lead to a loss of resolution of the microscope, whilst
the transmission of vibrations to a process tool can lead to manufacturing

errors in products located within the tool.

15 With reference to Figure 1, a vibration isolator 10 is typically connected
between the fluid exhaust of the apparatus 12 to be evacuated and the fluid
inlet of the vacuum pump 14.

Figure 2 illustrates in more detail one example of a known vibration isolator
20 10. The isolator 10 comprises a steel bellows 20 that defines a flow path

through the isolator 10 for fluid pumped from the apparatus 12 by the pump

14. Afirst annular flange 22 is welded to one end of the bellows 20 for

connecting the isolator 10 to the apparatus 12 to be evacuated, and a second

annular flange 24 is welded to the other end of the bellows 20 for connecting
25 the isolator 10 to the pump 14.

The bellows 20 is surrounded by an elastomeric cylinder 26 mounted on the
second flange 24 that prevents the bellows 20 from collapsing under
compression when the fluid within the bellows is at a sub-atmospheric

30 pressure, and provides damping of vibrations generated during use of the

pump 14.



25t he isolator 10 to the punp 14. The bellows 20 is surrounded by an
el astoneric cylinder 26 nmounted on the second flange 24 that prevents

the bel | owg2ZRodd©1pscol | apsi ng under conpressi on when tp@rlgbi{j{l%soms
within the bellows is at a sub-atnospheric 30 pressure, and provides

danpi ng of vibrations generated during use of the punp 14. WO
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evacuation of the apparatus. However, when the elastomeric cylinder 26 is
20 compressed in this manner, its hyperelasticity, reflected in a non-linear
progressive stiffness characteristic, causes its axial stiffness to gradually
increase. The increasing axial stiffness of the cylinder 26 reduces the ability
of the isolator 10 to deflect, which progressively enhances the transmission of
vibration to the apparatus 12.
25
In a first aspect, the present invention provides a vibration isolator for
inhibiting transfer of vibration to an apparatus during evacuation thereof by a
pump, the isolator comprising a bellows for conveying fluid drawn from the
apparatus to the pump, the bellows having first and second open ends, and a
30 resilient element substantially co-axial with and surrounded by the beilows,

the resilient element having a first end connected to one of the first and



30resilient elenent substantially co-axial with and surrounded by the
bellows, the resilient elenment having a first end connected to one of
the first @atosWe2908/ 047168PCT/ GB2007/ 050645 - 3 - sea@ndrRpBikocss
ends, and a second end connected to the other one of the first and
second open ends. The invention can Lhus provide a vibration

i solator having a relatively sinple 5strtcture and with relatively

| ow axial, shear and tilt stiffnesses. The bell ow may be integral
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the present inve
one end of the resilient element being connected to the second flange. In

either case, another flange is preferably connected to the first open end of the
bellows for mounting the isolator to an apparatus to be evacuated, with the

15  other end of the resilient element being connected to the first flange.

in the preferred embodiment, the first end of the resilient element is located
proximate to the first open end of the bellows and connected io the second
open end of the bellows, and the second end of the resilient element is

20 located proximate to the second open end of the bellows and connected to

the first open end of the bellows,

The isolator may be in the form of a component which is mounted to both the
apparatus and the pump, and so in a second aspect the present invention

25 provides a vibration isolator for inhibiting transfer of vibration to an apparatus
during evacuation thereof by a pump, the isolator comprising a bellows for
conveying fluid drawn from the apparatus to the pump, a first flange
connected to one end of the bellows for mounting the isolator to the
apparatus, a second flange connected to the other end of the bellows for

30 mounting the isolator to the pump, and a resilient element co-axial with and
surrounded by the bellows, the resilient element having a first end located
proximate to the first flange and connected to the second flange, and a



25provides a vibration isolator for inhibiting transfer of vibration
to an apparatus during evacuation thereof by a punp, the isolator

conpri si ngwa Beld.eMs for conveying fluid drawn from t hep@pRgasoatsssis0
the punp, a first flange connected to one end of the bellows for

nounting the isolator to the apparatus, %1 second fl ange connected to
the other end of the bellows for 30 nounfing the isolator to the
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connector. Alternatively, or additionally, an el astoneric
The isolator may comprise damping means for damping oscillation or vibration
15  of the resilient element. The damping means may preferably comprise a

plastics element which contacts at least a portion of the resilient element

during use.

Damping means may be located between each end of the resilient member
20 and its respective connector. Alternatively, or additionally, an elastomeric

sleeve may surround the bellows.

The isolator may comprise an auxiliary mass which can be located to increase
a resistance to axial compression of said bellows when a fluid within said
25 bellows is at a sub-atmospheric pressure. Preferably, the second flange

comprises connection means for connecting said auxiliary mass thereto.

The resilient element is preferably under tension, and thus may be provided
by a helical tension spring. The tension spring is preferably pre-tensioned.

30
Features described above in relation to the second aspect of the invention are

equally applicable to the first aspect, and vice versa.



sl eeve may surround the bellows. The isolator may conprise an
auxiliary mass which can be | ocated to increase a resistance to axial
conpr essi owoodgat@dsbel l ows when a fluid within said 25xﬂ@thﬂM@w%§hat
a sub-atnospheric pressure. Preferably, the second flange conprises
connection neans for connecting said auxiliary mass thereto. The
resilient elenent is preferably under tension, and thus may be
provided by a helical tension spring. The tension spring is
preferably pre-tensioned. 30 - 5 - The invention will now be

descri bed, by way of exanple only, with reference to the acconpanyi ng
draw ngs, | ”Tﬂ%‘aﬁx‘?bnt%ﬁ'vﬂll‘h@wjbé Jjééb?:béat@?wéi}‘ of SRARbRS orftP Wit fetétence
between a punp and an apparatus to be evacuated by the punmp; Figure 2
i s a cross- séetheoncoompanyingdrawings, in Whighi on i sol ator; '10Figure 3 is
a top view of an exanple of a vibration isolator according to the
present invention; Figure 4 is a cross-sectional view of the isolator
of Fi gures3, Figurgildivestiraatoag idalater derRected between a pump and an apparatus

to be evacuated by the pump;

Figure 2 is a cross-section through a known vibration isolator;

10 Figure 3 is a top view of an example of a vibration isolator according to the

present invention;

Figure 4 is a cross-sectional view of the isolator of Figure 3, as viewed along

line A-A;
15
Figure 5 is a cross-sectional view of the isolator of Figure 3, as viewed along
line B-B; and
Figure 6 is an isometric rear view of the isolator of Figure 3.
20

Figure 3 illustrates a vibration isolator 50 for connection between the fluid
exhaust of an apparatus to beevacuated, and the fluid inlet of a vacuum
pump. The isolator 50 comprises a steel bellows 60 of generally cylindrical

25 form having a first open end 62 and a second open end 64. The bellows 60
defines a flow path through the isclator 50 for fiuid pumped from the
apparatus by the pump. A first annular flange 66 is welded to the first open
end 62 of the bellows 60 for connecting the isolator 50 to the apparatus to be
evacuated, and a second annular flange 68 is welded to the second open end

30 64 of the bellows 60 for connecting the isolator 50 to the pump.



15 Figure 5 is a cross-sectional view of the isolator of Figure 3, as
viewed along Iine B-B; and Figure 6 is an isonetric rear view of the
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for connection between the fluid exhaust of an apparatus to

be-evacuated, and the fluid inlet of a vacuum punp. The isolator 50
conprises a steel bellows 60 of generali§-cylindrical 25 form having
a first open end 62 and a second open end 64. The bell ows 60 defines
a flow path through the isolator 50 for fluid punped fromthe
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el enent 70 and ends 86 wel ded or otherw se connected to t
15 flange 66. The second connector 78 is similarly in the form of an arch-shaped

connector, having a central portion 84 attached to the first end 72 of the
resilient element 70 and ends 86 welded or otherwise connected to the
second flange 68. The first and second connectors 76, 78 are angularly
offset, and in this example are substantially arthogonal.
20
A damping element (not shown) may be located for damping oscillation or
vibration of the resilient element 70 during evacuation. The damping element
may be made from plastics, such as Viton or PTFE, which is suitable for use
at high vacuum. The damping element preferably contacts at least a portion
25  of the resilient element during evacuation to achieve a required damping

effect.

The damping element may be located between each end 72, 74 of the
resilient member 70 and its respective connector 76, 78. For example, an

30 elastomeric o-ring or other elastomeric member may be provided about the
resilient element 70 to dampen the surge frequency of the resilient element 70

and/or dampen lateral vibration of the connectors 76, 78. In other



second flange 68. The first and second connectors 76, 78 are
angularly offset, and in this exanple are substantially orthogonal.
20 A danpi {;\g)ﬁh@mn{s (not shown) may be |ocated for danpifggpaoe70s064s
oscillation or vibration of the resilient elenent 70 during
evacuation. The danping el enent may be made from plastics, such as
Viton or PTFE, which is suitable for use/at high vacuum The danpi ng
el enent preferabl y contacts at |east a portion 25 of the resilient
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isolator 50. The flanges 66, 68 of the isolator 50 are urged together, which in

20 turn urges apart the ends 72, 74 of the resilient member 70. In response, the

resilient member 70 acts in tension to provide a resistance to the compressive

axial loading experienced by the isolator 50.

End stops may be provided to limit compression of the bellows 60 in the event
25  of a failure of the resilient element 70 during evacuation of the apparatus
connected 1o the first flange 66, and/or to limit exiension of the bellows 60 in
the event that the resilient element 70 becomes coil bound. For example,
suitable end stops may be provided by interlocking tabs located on the
connectors 76, 78. In the event of a catastrophic failure of the pump
30 connected to the second flange 68, which will tend to cause the second

flanges 68 to rotate relative to the first flange 66, the connectors 76, 78, which



End stops may be provided to limt conpression of the bellows 60 in
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15  The inhibition of the transmission to the apparatus of an oscillating force
associated with vibrations of the pump during evacuation of the apparatus is
determined by the axial, shear and tilt stifthesses of the isolator 50. The axial
stifiness of the isolator 50 is determined by the axial stiffness of the bellows
60, and the axial stiffness of the resilient element 70. As the resilient element

20 70 may have a very low axial stiffness in comparison to the elastomeric
cylinder 26 of the known isolator 10, the isolator 50 may have an axial
stiffness which is significantly lower, for example around ten times iower, than

the axial stiffness of the known isolator 10.

25  The shear and tili stiffnesses of the isolator 50 are determined by the radial
locations of the bellows 60 and the resilient element 70 about the axis of the
isolator 50. Due to the axial location of the resilient element 70 within the
bellows 60, the resilient element 70 contributes very little to the shear and tilt
stiffnesses of the isolator 10, whilst the elastomeric cylinder 26 of the known

30 isolator 10, which surrounds the bellows 20 of that isclator 10, contributes

substantially to the shear and tilt stiffnesses of the known isolator 10.
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of the known isolator 10. Whilst the presence of a resilient elenment

70 within t h&ngwniissiatosd0 waiershe dsaiaterni & G0 haver kellowsr0. 88iRiuct ance
of the isol aEB@géﬁaBlé‘ lr‘gé’ﬂéﬁﬂ?aﬁ%?ert ? id REL&AGIWA th%h@tiﬂérrﬂaq, d%?é?eﬁ BBthe

i solators 10 ave of conparabl e internal dianeter,
it is to be betleds 5aaqftnmeolamreﬁmglno@panstaemed)by thecoisepnemel B of t he

i sol ator 50. ' ﬁts?@d?ﬂgéé fa}}dﬂ'ﬁﬁ/ WSIBQ%B& SR80 Ofn @dﬂra%h%%émal

| ocat ed radi a out si n cont r ast e internal 10
di anmet er 10of tjimnd-itef bbive 2lloas 2A0he the enown ssellatbot 0 ﬂs()cor&tram%itb}aﬂ'laed by

t he presence o and .t herefore t ckness,of , the el as rJ.C

eyl i hder 26, PRFERCP o] GeEbprenie iEkGrE g larOfetay L 2b; paen
i solator. |nthdress §¢iﬁﬁbtotthéekrﬁrmlmﬁémdle&lﬂﬁtr@tsaétdrhmbﬁﬂ;b@y& ted may
be | arger than that of the E ﬁws 20 of th knoy_\ln |soI or 1|? a‘;g](ﬂ
may be such fHaina Hlamesaceidng bellows opeay R faree)! A4 ¥ Belays #4an
that of the bfmeaﬁrﬂfwrik@olaéérﬁ) LRSYhAy bé RAEIStHSS tifk %rﬁﬁﬁcﬁnd&%rﬂ@@ls@fator
freedomin sel ecting the conductance of the isolator 50,

by
appropri a6e 6Rds geeater e thattad irmisolitemtd. efs afresilt therel '%Mf%@tef flegree
sult the T oayt figl frsgaamn Qb1ebiy BEACHRIUCRIMCE 7 1R MsBatdHE By Hpp R, and

i sol ator 50
ch0|ce of the internal diameter of the bellows 60, to suit the requirements of

the evacuation system of which the pump and isolator 50 form part.

20 It is to be understood that the foregoing represents one embodiment of the
invention, others of which will no doubt occur to the skilled addressee without
departing from the true scope of the invention as defined by the claims

appended hereto.

25  For example, the resilient member 70 may be provided by a compression
spring, which may be surrounded by a sleeve or other constraining member.
in this case, the first end 72 of the resilient member 70 would be connected to
the first flange 66 by an alternative form of connector, and the second end 74
of the resilient member 70 would be connected to the second flange 68 by a

30 similar form of connector.



20 It is to be understood that the foregoing represents one

enbodi nent of the invention, others of which wll no doubt occur to
the skilled addressee w thout departing fromthe true scope of the
invention as defined by the clainms appgnded hereto. 25 For exanpl e,
the resilient nmenber 70 may be provided by a conpression spring,

whi ch may be surrounded by a sleeve or other constraining nenber. In
this case, the first end 72 of the resilient nmenber 70 woul d be
connected to the first flange 66 by an alternative form of connector,
and the second end 74 of the resilient nenber 70 woul d be connected
to the second flange 68 by a 30sim orm of connector. -10-

CLAI M5 1. A vacuum punp vi bration ?bL ! B for inhibiting transfer of
vibration to an apparatus during evacuation thereof by a vacuum punp,
the isH at 04\V@@Wi%%wér%@ﬂl'@‘a@to(é@)'”"ﬂ'éﬁ'”ed'fﬁﬂéfﬁrr% Véf%ticw @rawn from
the appar at yshdrfu ks M8 SHHEL RN oedr by o vda BRISuUBOheaallaRet ed Lo
one end of t'He bellows™for nounting the 1solator to the apparatus, a
second f | angemreBig edeiews ¢60)tfor chreveayirgeliuie daavol frommethb elppavatus tor

nmounting the isolator to the yacuu u nd.a resilient elenent
(70 subst aneaergair &SR R SiPhedRfitots Bbn et Bla FoflR
char act er i s mdurtingthd kelatesSblthe app&latie atsdtand Aahys $68)eRANEFRY
| ocated proxinmate to the first flange and connected to the second

flange, andiodheetsHEnermd t'@@b?"@"&%@%@‘ﬂ“&ﬁﬁ%i@@@ forfee ¥8EWHA {1 ange .
and connect b %add's rédifcit eldriéifazo Otistatiafly hlsddal GARNGEL OF (76) 1

connected to t I rst ange, and a secon onnector (/8) is
connect ed tsurtdumdsdduyritie biehoge, chianacteiisast indhat e resibentedérhertrhasrenber

bei ng attached,to .t second connect o h con n f,.the
resilient n%ﬁ{?é?”ﬂé?ﬁdoa?t?ﬁ&ﬁ%mﬁge {Qnt@eff%ﬁlatnggrﬁgc%ogg?gtgﬁdgtﬂhée first
connector igsecombglaagt] ahd ¥ secomDgad & 4)tiocdtbe peneaat: bahseetaid A

vi bration isolator according wherein the resil

to Cdaiml, ent
el ement i s HATWSrandeRINGRedAONS fiERIGROP SUNeEEY @ HEL GPANSIIOt 88%i m 1or
2, wherein theres tb'tﬁ@h&iﬁqugﬁgg,taé{oea 2etsid EHNRNIT s TBRhEGed fo A

vi bration isolator accor g alm 3, wherein the tension spring
is Pre- tenbiessednd Rangdrthe fieat endaif theoresdicobmginerioeind aitanhed taher ei n

each connecyor ri n_ar,gh- tor... havi
connected t ti?%iste(sé&rqgg Bi@?‘it@e aﬁp g}ﬁ% gg(%gngld%&og%rga{ggl%%ﬁtrb%ﬁbggﬁ%%t ed to
t he resili eatagble@n®itie first connector, and the first connector is substantially

orthogonal to the second connector.
2. A vibration isolator according to Claim 1, wherein the resilient element is

under tension.

3. A vibration isolator according to Claim 1or 2, wherein the resilient elementis a

helical tension spring.

4, A vibration isolator according to Claim 3, wherein the tension spring is pre-
tensioned.
- 8. A vibration isolater according to Claim 1, wherein each connector comprises

an arch-shapéﬁ cennector having ends connected to its respeciive flange and

a central portion connected to the resiiient element.



6. A vibration isolator according to any preceding claim conprising
danpi ng neans for danping oscillation or vibration of the resilient
elenment. 7. A vibration isolator according to Caim®6, wherein said
danpi ng neans conprises a plastics el gqgent which contacts at |east a
portion of the resilient elenment during use. 8A vibration isolator
according to Claim6 or 7, wherein said danping neans is | ocated

bet ween. each end of the resilient nmenber and its respective

connectgs. 9.7 ﬁbYét@n%dﬁQ@r bé%r@#@ﬁo%?%‘f&ﬂe@igwgté?aﬁf%om ‘?@ﬁ@'d%p%@' m
conprising an el astoneric sleeve surrounding'the bel

vi bration i sohearsrfoadaopigmpctiatiamgr wb@étedlaﬁglecﬂeamﬁnt eﬂe:rmpﬂt S| ng an
auxiliary mass which can be |ocated to increase a resistance to axi al
conpression of said bellows when a fluid within said bellows is at a

sub- at ngsphenj \bREies saldor ddoordiny itd Calih @) wheediakard @eﬁﬁ;ﬂh@lm@n@o Caim
10, wherein said second flan%e conpri seés connection neans for
connecting sBPAPESSE P PHESYCHASE G WIS cmtﬁﬂﬁsjafrleaﬁgeepomon of the resilient

element during use.

8. A vibration isolator éccording to Claim 6 or 7, wherein said damping means is
located between sach end of the resilient member and its respective

connector.

9. A vibration isolater according to any préceding ctaim, comprising an

elastomeric sleeve surrounding the bellows.

10, Avibration isolator according (o any preceding claim, comprising an auxiliary
mass which can be located to increase a resistance to axial compression of

said beilows when a fluid within said bellows is at a sub-atmospheric

pressure.

11.  Avibration isclator according to Claim 10, wherein said second flange

comprises connection means for connecting said auxiliary mass to the second

flange.



