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present invention relates to vibration danpers.
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transmtted froma high-vacuum punp, for exanple, a

tur bonol ecul ar punp, to apparatus to be evacuated

during a punping operation. Vibration danpers are
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A mechanical support 5 is provided to prevent the bellows 4 collapsing under

compression when the fluid in the flow path 4a is at low pressure that is, under

vacuum and external forces due to atmospheric pressure act to compress the

damper 0. In the example shown in Figure 1, the mechanical support 5 is provided

by an elastomeric cylinder surrounding the bellows 4 between the flanges 2, 3.

Interlinking members 6a, 6b are provided to prevent the bellows 4 from extending

under the weight of the pump 8 suspended from flange 3 when the apparatus is not
under vacuum. In the example shown in Figure 1, member 6a is in the form of a V-
shaped metallic strap welded to the top of flange 2, and member 6b is in the form of

a similar strap welded to the bottom of flange 3 so that the members 6a, 6b are
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illustrated exanple, when the danper 0 is not
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transm ssion of vibration2f-romthe punp 8 to the
apparatus 7 is the stiffness (k) of the danper O.
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so as to cause mninmal transm ssion of vibration to
componeRts, HypEesplersfa, Phareat i CAR®EY straps 6a, 6b are
not in contact when under vacuum conditions, where
t he danper O experiences conpressive Ioading.
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typically experience failure in a buckling mode.

It is an object of the present invention to provide a vibration damper that substantially
reduces the problems associated with these prior art vibration dampers.

According to one aspect of the present invention, there is provided a vibration
damper for inhibiting transfer of vibration to an apparatus during the evacuation
thereof by a pump, the damper comprising a bellows arrangement for isolating from
the ambient atmosphere, fluid drawn from the apparatus by the pump, and means for
limiting axial compression of the bellows arrangement during use of the damper,
wherein the damper is axially pre-compressed.



limting axial conpression of the bellows arrangenent

during use of the danper, wherein the danper is
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According to another aspect of the present invention there is provided a vibration
damper for inhibiting transfer of vibration to an apparatus during the evacuation
thereof by a pump, the damper comprising a bellows arrangement for isolating from
the ambient atmosphere, fluid drawn from the apparatus by the pump, the bellows
arrangement extending about an axis and resistive means arranged about said axis
and under tension in such a way that when the damper is subjected to an external
axial force tending to compress the bellows arrangement, the resistive means is
subjected to a tensile force, the resistance to extension of the resistive means
opposing axial compression of the bellows arrangement.



thereof by a punp, the danper conprising a bellows
arrangenent for isolating from the anbient
wabtozgpsmsge, fluid drawn fromthe apparatus byPCHE&B2005/000354
punp, the bellows arrangenent extendi ng about an axis
and resistive means arranged_about said axis and
under tension in such a way that when the danper is
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According to another aspect of the present invention there is provided a vibration
damper for inhibiting transfer of vibration to an apparatus during the evacuation
thereof by a pump, the damper comprising a bellows arrangement for isolating from
the ambient atmosphere, fluid drawn from the apparatus by the pump, one end of the
bellows arrangement being connected to a flange from which at least one member
extends axially towards the other end of the bellows arrangement, and means for
contacting said at least one member upon rotation of one end of the bellows
arrangement relative to the other to inhibit relative rotational movement
therebetween.



enhances safety of the system According to another
aspect of the present invention there is provided a
woizsarsse  danper for inhibiting transfer of PCDGB20@00354
to an apparatus during the evacuation thereof by a
punp, the danper conprising.a bellows arrangenent for
isolating from the anbi ent atnosphere, fluid drawn
fromthe apparatus by the punp, one end of the
The m@@rﬁtldﬁ"ﬁ RISEADSE BBIYw gtér%@iﬁ?b?@véyooﬁ?fa'n%lg nly ®
whi ch at | east one ne extends axially towards the
referensieniortheragcompangingedravingsain whdgment , and neans for
contacting said at |east one nmenber upon rotation of
one end of the bellows arrangenent relative to the
Figure Ot B séiernaid Bicss lsebBdén BEacohbhiidlll vIBTHES® Gamper;
t her ebet ween. WD 2005/ 078288 PCT/ GB2005/ 000354 -5 The
invention is described belowin greater detail by way
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Flgureglseﬁ(%%@rﬁ?ﬁ@ ré‘%énﬁatlér%{aé%gﬁ%hs eﬁ@%ﬁﬁg\ﬁ{g@ggyﬂ}ghon
dampesagdy be uskda convent i onal vi brati on danper; Figure 2
is a schematic representation of a vacuum systemin
which a vibration danper may be used; Figure 3 is a
Flgure%cféee‘'§<§Fxé‘m§f?c,r BER 5bbf#§e %b%}‘g v?réﬁ?]cﬁf &ér‘ngﬁr d2f88Ing to one
according to one odi ment o e present 1 nverntion,
embodiingot ef thei presestdheantidng cr oss sectional representation
of the of Figure 3; Figure 5 is a flat sheet
devel opment of the external conpression resisting
F |gurefm§fh§séﬁeméfbecr\dsﬁ rs@btn@ﬁbl@éﬁi%%ntétldﬂﬁéfrtﬁé%‘ﬂ F‘lthg'fﬁur e
; Figure 6 is a graph indicating the type o
stlffness characteristics that are desirable in

Furo M RIS, oo SRR o

the vibedtidgrheéampee #lestraicaMamig@ee, 3;wi th an al ternative
configuration of the conpression resisting neans;
Figure 8 is a flat sheet devel opnent of the

Figure €’ §pHPRdIcBEAG thd pEeiitiffAbs S cAMF AR telistics that are desirable in

a vibration damper of Figure 3;

Figure 7 is a schematic cross sectional representation of another embodiment of the
present invention, with an alternative configuration of the compression resisting
means;

Figure 8 is a flat sheet development of the compression resisting means of Figure 7;

Figure 9 is a schematic cross-sectional representation of an embodiment of a
vibration damper with anti-rotation characteristics;

Figure 10 is a flat sheet development of the compression resisting means of Figure
9; and



Figure 9 is a schematic cross-sectional representation
of an enbodi nent of a vibration danper with

wanbos/orgasat i on characteristics; Figure 10 is apCiraiB2005/000354
sheet devel opnment of the conpression resisting neans
of Figure 9; and WO 2005/@78288 PCT/ GB2005/ 000354 -6
Figure 11 is a schematic representation of a vacuum
punp i ncorporati ng a vibration danper simlar to that
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vacuum system I'S suitable for 1 ncorporatin
dampanslundantorthdhshtmmn in bigurdé. present invention. As such
references will be made to conponents shown therein,
in conbination with subsequent draw ngs. As shown in
Figures 3, 4 and 5, vibration danper | conprises a
first flange 11 for connectln t he da 1toa
Figurefd #ugisates ag@nwmmcwvhém@engw fchtin sUp l@rfaf insoyperating a
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as a convol uted bell ows of a general ly cylindrical

formconnected with a gas tight seal at either end to
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second g 13 oE Sophenadne At 1 oHid 4 TeF A8 o it FHguuig Bum .
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ded at either end to the second flange 12,
convolalt@bbauovws afragenesallyycytipgiiesl dopo sbnnested vgth a lgas tight seal at
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apparatusk toltaé vecauensemplee kthiroive ddrﬁlﬁbsﬂ@lﬁ@lbénb\/@@yenﬁvcﬂ
predet erm ned axi al displacenent. In contrast to

lnterllrwmmérﬁhe@ﬁmst@daﬁpa 15 are<pNced. One strgba 14 Weled atgither
end to (}hg lfl'ré’cgqa?\lbéaﬂs mn’&n?ﬁl@gﬁfﬁ%s{aa gﬂaﬂﬁ s Sot‘n@?%tréf)‘q 5 is

er manent resse
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of the 1338 G, WB, DSt ASSTIBR AN ERV@aP ) (b GRRL arkortions such
that toBElHle? ¥ey orfria fink &Rt réntS 1id'6HEWs Hént BRfentii iRl york:
predetermined axial displacement. In contrast to the conventional damper illustrated
in figure 1, the two linking straps 14, 15 are pre-tensioned such that the damper 1 is
permanently compressed from its equilibrium position. In other words, in its

inactive/unloaded state the damper 1 experiences a loading or pre-compression.

Extending around the bellows 13 is a resilient structure 16 that is able to withstand
significant compressive loading. The configuration of this structure 16 has been
designed to avoid buckling failure modes associated with a compressively loaded
structure by forming an arrangement that deflects primarily in tension. As shown in
Figures 3 and 5, in this example four support members 21 are connected to the first
flange 11 and four additional support members 22 are connected to the second
flange 12. These support members 21, 22 each extend axially towards the flange to



significant conpressive |oading. The configuration of

this structure 16 has been designed to avoid buckling
woandsuresgodes associ ated with a conpressi vel yPCoaB2005/000354

structure by form ng an arrangenent that deflects

primarily in tension. As shown in Figures 3 and 5, in

this exanple four support nenbers 21 are connected to

the first flange 11 and four additional support

which mﬁwcﬁ%lébﬂy ESHH&S’tb@d A&Qhé BRGNS eé&f?ﬁ%&?member 21,

These support nenbers 21, 22 each extend axi al'l
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bel ng indirectly attached to the first flange 11, and
at the other end to a tab 25, tab 25 being.indirectly
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r t
systerﬁvlﬁﬁb‘lﬁb rg)t‘ﬁ% é}:ll;}néz(a)tpgotgit | r@e?f’ﬁ éﬁ‘% g:ﬁzﬁ&uésﬁxge&lgigh{e%t in fluid
comminicatiom ti&rawdhargdwqelqmm]targ@ stdtigildad actingiondhe ipomp 8, as a
therewth, reduces and a rge static | oad act.i
result pf feffirainoe Feticn aafirfal frfiePafi pEeesice sBe TEERal low
pressiét BedsthedbiReRbeThis 1BAGTAUESs 8TdntrBERSMH theQ¥hgth of the
pressure, becones evident. This |oad causes a

vacuugbsistemtansh conseqieentlyn ghartens theeaxigldengih eftsesibratian damper

1. ThigRRRRESHbh o1 Y 86 P88 1 HRsBief LafdS 51 131 faavsdpupras

one andtheesAs baeblLigntabs 24] 25 ov@axiailg alvaydrats onershother and the
anaother. As a result, tabs 24, 25 npve axially away.

springs 2 RRAEAGHAB (9RSIOR AHCh Hiat asissisiaRce thedempressive axial
Ioadlng%‘gkﬁé}ﬂ%ﬁ Wwithth the Wefperance to the conpressive

I's experienced within the danper 1. In
order to inhi b|t transm ssion of the osmllatmg force

in ora@giopiBitasiinnon O 055 iAting lAc BRpRIAE Yoty ebraass of
the puFTRy ithanlsh & e o T ey a“ﬁ“ Pl
compliamt.c tn other Mhmde,Gt ofust hev@esllm ez [1: pgahfﬁnessr(cbmmmmig
designated “k”) as possible. Hence the choice of the bellows configuration for the
gas barrier 13, since such a component has a very low value of axial stiffness. The
stiffness characteristic under loading is, therefore dominated, by the resisliant
structure 16. By subjecting the damper 1 to an initial loading (or pre-compression)
the initial load v displacement characteristic 17 is very steep, see Figure 6, which
corresponds to a large effective stiffness value as it is dominated by the pre-
compression means, here the interlinked straps 14, 15. Once the axial compressive
displacement goes beyond the initial pre-compressed limit such that the linked straps
14, 15 return to equilibrium and lose contact with one another, the considerably
lower value of stiffness characteristic 18 becomes active. This lower stiffness value

(represented by the shallow gradient at 18 in Figure 6) is dominated by the tension



gas barrier 13, since such a conponent has a very |ow
val ue of axial stiffness. The stiffness
woheorsaosmei stic under | oading is, therefore doRrCmaB2005/000354
by the resisliant structure 16. By subjecting the
danper 1 to an initial |oadgng (or pre-conpression)
the initial load v displacenent characteristic 17 is
very steep, see Figure 6, which corresponds to a
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support nenber 36, beyond which the second flange 32
is prevented from passing. This nmechanismeffectively

Springpri@varaesttached frommphe distalrerel oftrhenber s td tid beg&]fnl duce (as
ow

ne for straps 14, 15 which enables the flui
shownﬁléﬁigqrg §)of @QBQ@ od. drongenusptipsall of the springs 38 are located

beneath the flanges 31, 32. This simplification creates shorter space between the
flanges 31, 32 of damper 30 than the space between the flanges 11, 12 of damper 1.
By decreasing the distance between the flanges, the conductance of the damper 30
is improved. Furthermore, for the same cross section of vibration damper 30, (when
compared to damper 1 of the earlier embodiment) a larger diameter bellows
component 39 can be introduced to further enhance the conductance value of the
damper 30, thus leading to an improved quality vacuum.



Springs 38 are attached fromthe distal end of nenbers
34 to the bottomsurface (as shown in Figure 8) of

woOlesges32. Consequently, all of the springs 38CaGB2005/000354
| ocated beneath the flanges 31, 32. This

sinmplification creates sho%ter space between the
flanges 31, 32 of danper 30 than the space between the
flanges 11, 12 of danper 1. By decreasing the
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of the system and therefore
Returning now to Figure 8, it may be noted that in the event of a vacuum pump
seizure flange 32 with clearance holes 37 would act as the interference rings 46, 47

in Figures 9 and 10, in combination with support members 36.

The components of the vibration damper may be directly incorporated into the body
of a pump 50 as illustrated in Figure 11 to provide an integrated unit with all of the
aforementioned advantages. The pump 50 comprises a stator 51 and a rotor 52 in a
known configuration. An inlet component 54 of the pump is separated from the
remainder of the housing of the pump 50, as shown in Figure 11, to allow a
compliant structure to be inserted therebetween to couple the inlet 54 to the

remainder of the housing to inhibit transmission of vibration from the pump 50 to the



reduces the likelihood that the vacuum punp 8 will be
separated fromthe apparatus 7. Hence, further
wdesdsroagisgon or injury may be avoi ded. Ret ur ni RQT/GB2ESM00354
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Finally, a damper is provided which presents improved safety of the vacuum system
in use by provision of a rotation inhibiting configuration such that the possibility of

reducing destruction of the system during pump failure is improved.



danper. This lower stiffness value is desirable in

order to inhibit vibration being transmtted fromthe
woacwsnTsssinp to the apparatus bei ng evacuat ed. PCT/GB2005/000354

Furthernore, the typical conpression resistance

structure has been replaceqqby an equival ent

structure that experiences tensile deflection rather

t han conpressive deflection such that buckling forces

are avoided. Finally, a @pnpgig i s provided which

presents inproved safety—vgﬂgke vacuum system in use

by provision of a rotation inhibiting configuration
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vi bration danper inhibiting transfer of vibration
tyrangepeal far l$§|ailmgl frgm the @n@imaawmcmwhiema rfeid degwrafrom the
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f besliovish@rrafgeraent digingyuseef thiendampad wirasip thedamper is axially
limting axial conpression of the bellows arrangenent

dRIer¢RIMPessed. t he danper, wherein the danper is

axially pre-conpressed. 2. A vibration danper

according to Caiml, wherein the bell ows arrangenent

i A vibratieg tdampsir alecordingoton@laid. 1, Aviverbmathedselldaspmrangement is
ord 9 \%’EeCiaiml or Claim2, wherein one end of
grakmit e BYMRngenent is directly attached to the

purrp. 4. A vibration danper according to Caim 3,

wherein said one end of the bellows arrangenent is

dA viratign dampeh agcording td Glagm 1 at Etgiml 2,whéreirhene end of the

DR e andstfen b Hiactyalirdhad RERORABR naor * the

bel l ows arrangenent is attached to a flange for
connecti ng the punp to the apparatus. 6. A vibration
iviration dapimen gceerdgiont Rimch hersimgpidwasseridef the bellows

Cé’r’?éi?&érhgigt is directly attached to a flange integral with the housing of the
pump.

A vibration damper according to Claim 3 or Claim 4, wherein the other end of
the bellows arrangement is attached to a flange for connecting the pump to

the apparatus.

A vibration damper according to Claim 1, comprising means for connecting
the damper between the apparatus and the pump.

A vibration damper according to Claim 6, wherein the connection means
comprises first and second flanges each attached to a respective end of the
bellows arrangement and connectable to a respective one of the pump and
the apparatus.



10.

11.

12.

13.

14.

15.

t he danper between the apparatus and the punp. 7. A

vi bration danper according to Caim6, wherein the
woams@ogisen nmeans conprises first and second PCaGP2605/000354

each attached to a respective end of the bellows

arrangenent and connectabli@ 1o a respective one of the

punp and the apparatus. WO 2005/ 078288

PCT/ GB2005/ 000354 -12 8. A vibration danper according

AQilsvaYioR lde@ssEritcetdihgnto vhg peecseoﬁﬂsgeclaehl Whereln the bellows
arrangenment defines at |east part of ow path for

arrangementdefinasat lgast r@@fbgf alﬂgy pb@thtfﬂreﬂtﬁg ,%awg frogn the
mhggl@tusoﬁ%ﬂ%rg%gaccordl ng to any preceding claim

rein is axially pre-conpressed by neans
for limting aX|aI ext ensi on of the belloms

arrangenment. 10. A vyibration da cor tt ﬁl
év' PBidRNINEY aePEdiRg & any res Aehdn e FBRiper is
2 lgﬂg Pl’@-@éf}'\ & RNY erah@%PﬂHtfh@%ere@dt@be tri’oelbelfbws

ratton nper according to daim9 or daiml
wirangemenhe ext ension limting nmeans conprises first
and second co-operating nmenbers each attached to a
respective end of the bellows arrangenent. 12. A

W b RHtioR Tt AHApE e ccRpdi Vg agdb Waihw9 Gvakmid the vkiehsion [kaitihg

menber conprises a shaped nenber attached to
teanstisiattached tppbleast Poe gndcsﬁéh%hetl%s afragpemanie end
of the bellows arrangenent such that the nenbers
co-operate to draw the ends of the bellows

ar Wlb%@ﬁ%mp@%ﬁdm:ngdoﬁlamgmreelamnmwmerelhehe extension
nper. 13. AV|bratJond er accordin, Claim1

GrEIimeRD CRARSGeERRI SPoH COPRPALRG TRELErTeadan
fiéd ’tosa‘{'Q fv@%ntqooﬁtﬁ@ HeRoRe Hriafgepihtof the

OWS arra via a res ectlveflange 14. A
VI bratl on darrper accordl ng to Cainms 7 and 9, wherein

ok e b B TR0 45 CBbHER oRh L} fomprises a
V-shaped member attached to diametrically opposed locations on the
respective end of the bellows arrangement such that the members co-operate
to draw the ends of the bellows arrangement together so as to pre-compress
the damper.

A vibration damper according to Claim 11 or Claim 12 when dependent from
Claim 7, wherein each member is connected to the respective end of the

bellows arrangement via a respective flange.

A vibration damper according to Claims 7 and 9, wherein the extension
limiting means comprises an axially extending member attached to one of the
flanges and engaging the other flange to pre-compress the damper.

A vibration damper according to Claim 14, wherein the axially extending
member passes through an aperture located in the other flange, a distal part

of the axially extending member engaging the other flange.



16.

17.

18.

19.

20.

21.

22.

fl anges and engagi ng the other flange to pre-conpress
the danper. 15. A vibration danper according to Caim

wo4poswhigrsei N t he axially extending nenber pas®es/GB2005/000354

through an aperture located in the other flange, a

distal part of the axiallqgextendi ng menber engagi ng

the other flange. WO 2005/078288 PCT/ GB2005/ 000354

-13 16. A vibration danper according to any precedi ng
claim wherein the nmeans for I|imting axial

conpressi on conprises resistive means arranged under
Pevibiation damercaccardiag to lray preesding slaimnpdierein the means for

bj ected to an external .axi al . f. i )
Uisirce g8l sam B b o e £8rERdcd tnder tonsion
s suSHRIvRS @8t Wheh thetiEinserli® B0Bjectdtior s esteanaleaxial force
extension'of the resistive nmeans opposing, axi al

tending $s compigss the ballows@iTigeang resjgtiveneans is

Sl TR SN oL 1 BBeoH AL et means
IcpPosingWixidRdMpressiahrafige belidws brrsagements. 18, A

vi bration danper for inhibiting transfer of vibration
to an apparatus during the evacuation thereof by a

?ﬁg@g%tmed?@%’e%ﬁ@% B AIdird 18eWheYsin ahé BRISWE Rrdngement

I ng ent atnosphere, fluid drawn i
faxtendshebowrtpmeaxs andibe résistinemmeaniads Berahged about said axis.
arrangenment extendi ng about an axis, and resistive
means arranged about said axis and under tension in
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external axi force tending to conpress. the bell ows
dhe avgeuation theneofrasa pumpe the dampes catrisiica bejows

t ile f ' . i £
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compression of the bellows arrangement.

A vibration damper according to any of Claims 16 to 18, wherein the resistive

means is arranged about the damper.

A vibration damper according to Claim 16 or Claim 19 when dependent from

Claim 2, wherein the resistive means is arranged about the pump.

A vibration damper according to Claim 20, wherein the resistive means is

attached to the housing of the pump.

A vibration damper according to any of Claims 16 to 19, wherein the resistive

means is arranged about the bellows arrangement.



23.

24.

25.

26.

27.

28.

29.

30.

31.

attached to the housing of the punp. 22. A vibration
danmper according to any of Clains 16 to 19, wherein

woOheosregisst i ve neans i s arranged about the belPCoOW@B2005/000354

arrangenent. WO 2005/ 078288 PCT/ GB2005/ 000354 -14 23.

A vibration danper accordifpg_to any of Cains 16 to

22, wherein the resistive neans conprises a plurality

of resistive elenents. 24. A vibration danper

according to Claim 23, wherein each resistive el enent
conprises a netal coil tension spring. 25. A vibration
d!anibeaticacdamp'engcccord(agaﬁorar%omla(maimﬁﬁézz,Wffareinrtheaed;istive

of the resistiv cI| ed relative to a

Thaties comBriassg RIpRUBUI BRI Ve SITBPHS. axi 6 be. A

vi brati on danper accord| ng to any of Clainms 23 to 25,

wherein each resistive elenent is attached at one end

tA vibratiorsdamper abd:grding torGliaing 23, whgeeiarehchaesisitive eldment
to a sec y.extending flange, the first

:C‘%n@'éﬁ?&rﬁjmq?%‘oqoéﬁFQS'QQtS@ﬁ'apng fl anges being axially

separated. 27. A vibration danper according to Claim
26, wherein said one end of the resistive elenent is

o vibealian dampge apcording ot laim 23t Glaim iz, mhergia @ach of the
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axi@perture in the second radi al |y extendi ng fl ange.
29. A vibration danper according to Claim27 or 28,
wherein the other end of the resistive elenent is

dA URfrAfioh %ﬁﬁ%h ‘é@g&r‘&hﬁd“?o 8NEIliRg 23l foo £ XdiRdHel

fl ange. ration rrper according’to any
Ceaisiige 2lementds attachped iat bng emddnsa first ramaﬂwextenglngﬁbnge and

S or on rotatipn of an | ange relatiye to
R sthalieihla #Retend tathiafi e fendd ey fie fishand Secnd
taarfmp extsRiing dngés BEMY M@récﬁidﬁﬁteﬂ vi bration danper
according to any of G ains and 8 and 29.

A vibration damper according to Claim 26, wherein said one end of the

resistive element is attached to the first radially extending flange via a support

member.

A vibration damper according to Claim 27, wherein the support member
extends through an aperture in the second radially extending flange.

A vibration damper according to Claim 27 or 28, wherein the other end of the

resistive element is directly attached to the second radially extending flange.

A vibration damper according to any of Claims 27 to 29, comprising means for
contacting the support member upon rotation of one flange relative to the
other to inhibit relative rotational movement therebetween.

A pump comprising a vibration damper according to any of Claims 1 to 5 and
8 and 29.



