WD 2005/ 078288 PCT/ GB2005/ 000354 -1 VI BRATI ON DAMPER The present
invention relates to vibration danpers. Vibration danpers are used to
reduce the vibration transmtted froma hi gh-vacuum punp, for

exanpl e, a WORMSAH28%ul ar punp, to apparatus to be evactSTEBGOIN a
punpi ng operation. Vibration danpers -are particul arly advant ageous
when vacuum punps are used to evacuate apparatus which is sensitive
to nmechanical vibration. For exanple, vibrations transmtted to an
evacuat ed Scanning El ectron Mcroscope could lead to inaccuracies in
measur ements being taken by t h¥IBRATENBAMPERY vibrati ons
transmtted to a process tool could cause anonmalies in products being
manuf actured within. Wth reference to Figure 2, a vibration danper O
i s typi cahé presenhizweriibroetates o vibeatiohldgimpasshaust 9 of the apparatus
7 to be evacuated and the fluid inlet 10 of the vacuum punp 8.
Figure 1 illustrates the configuration of a known vibration danper O
in more gpiatidn ddhpedanpesed té raudddise vibmatiohdrayesiZedfretch highlvedumo
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pr essur ecagltl lead onpeasacies in meganwemeants peing frkesdaMBEdNSRIFRPE AN
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I nt er |l i nkisngfactinedvattéa, 6b are provided to prevent the bellows 4
fromextending under the weight of the punp 8 suspended from fl ange
3 when the apparatus is not wunder vacuum In the exanple shown in
Fi gure 1wifrerdisenbatd Bigure 2he viboatiorodarapas-0 shgpieallynadrmelcted sttwapn the

wel ded t ?Iuitdheexhtaggt E(J) Tof {hleaanp%%ra%ths %"l[g bréeen\}%%[zat%g ain%i t‘wg flhmnfe?r'@o?fthe
vacuum pump 8. Figure 1 illustrates the configuration of a known vibration damper
0 in more detail. The damper 0 includes two flanges 2,3 each welded to a respective
end of a steel bellows 4. Each flange 2, 3 has an aperiure 2a, 2b formed therein,
the apertures 2a, 2b being axially aligned. The bellows 4 defines a flow path 4a
through the damper 0 for fiuid pumped from the apparatus 7 by the pump 8.

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



a simlar strap welded to the bottomof flange 3 so that the nenbers
6a, 6b are WD 2005/078288 PCT/ GB2005/ 000354 -2 linked. In the

i1 lustrat eq‘,@ﬁﬁ 8%) when the danper O i s not connect edpb9cgRihsREdBESN
conmponent s, ers 6a, 6b are not in contact. The paraneter

governing transm ssion of vibration.fromthe punp 8 to the apparatus
7 is the stiffness (k) of the danper 0. Bellows 4 are typically
chosen to define the flow path 4a in view of their |ow inherent
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to the apparatus 7 rather than reducing it. Furthernore, known

el ast Omﬁﬂaﬁoﬁ‘aﬁhﬁgw%sﬁ&méﬁm@n the/ Qbﬁé’rb{d{s EERE tHeEPGAp feriak Whewhiin @

buckl i esent lnvention to provide a

vi br at iFogurd@ypes sulbieet to wgtmtaaq: fqrce a@fmwc@%iheﬁewsr 6h @Fr@“'ﬁ@s‘%ﬂ’h!ﬁ’f‘ed
N bRl g Bﬁﬁ Bidhdal tﬁé‘?@@é@tu G5 4028 B PRERERES bith

the pr I'nven ereis d vibration er for
i nhibi tth@gretssarscﬁ»&eremfce\bebweem atmmspmncapqiataaum agorditiogst Asis force

g\r/?;ﬁgéh@%tbeﬁ !g%rr)g 235 ﬁ@%’ m@gﬂp{q@m éuhp%ogtaé@ﬁhe %%prrér %'. Woﬁe\peer! wh¥A known
elastomeric mechanical supports 5 are exposed o such loading conditions, their
hyperelasticity, reflected in a non-linear progressive stiffness characieristic, causes
them to become increasingly stiff or rigid. Under such compressive loading
conditions, the increased rigidity enhances transmission of vibration to the apparatus
7 rather than reducing it. Furthermore, known elastomeric mechanical supports &
typically experience failure in a buckiing 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, fiuid 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.



t he anmbi ent atnosphere, fluid drawn fromthe apparatus by the punp,
and neans for limting axial conpression of the bellows arrangenent

during usev,p(;d)t0 %g,%rrper wherein the danper is axiall ¥CT/GB2005/000354
pr e- conpresse 005/ 078288 PCT/ GB2005/ 000354 -3 In practical
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terns, the permtted nmagnitude of the extension of the danper is
governed by the flexibility of the bellows, the space available in
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compression of the damper prior to installation between the apparatus and the pump
can provide a much higher stiffness characteristic at lower displacement,
represented at 17 in Figure 8, such that the required applied load can be borne by
the damper whilst not exceeding the extension limits. Therefore, a mechanical

support of much lower stiffness, and consequently better vibration transmission

properties, can be provided.

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 beliows arrangement for isolating from
the ambient atmosphere, fiuid 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.
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becoming detached from the apparatus and causing further damage or injury.

It is, therefore, a further object of the present invention to provide a vibration damper
that inhibits any such rotational movement of the vacuum pump and, consequently,

enhances safety of the system.

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.



that inhibits any such rotational novenment of the vacuum punp and,
consequently, enhances safety of the system According to another
aspect of the.RepmeRt invention there is provided a vi bpaticbesa@sier
for inhibiting transfer of vibration to an apparatus during the
evacuation thereof by a punp, the dagper conprising a bellows
arrangenment for isolating from the anbient atnosphere, fluid drawn
fromthe apparatus by the punp, one end of the bellows arrangenent
being cg fl@%féﬁﬂoﬁ%@eéérﬁ@g%efoﬁz\?)iﬁ‘qi@ét%?dé iRy SNEIRITE Dhiy WH ends
axially towards the other end | ows arrangerrent and means
for corafasnicede e acepmpaswing wawingsniverhighon rotati on of one end of
the bellows arrangenent relative to the other to inhibit relative
rotational nmovement therebetween. WO 2005/078288 PCT/ GB2005/ 000354
-5 The Figuentii®a sicheshaic crdssdebidroof 4 nogyrasdiveal \dewioh dbypegy of
exanple only with reference to the acconpanying draw ngs, in which
Figure 1 is a schematic cross section of a conventional vibration
danper ; F]dﬁirQQr'§a2schsmt16cé;&rﬁaéritatiwreofrasmum bpstenf inavhicte awibratjet em i n
which a vibratio ber may be used; Figure 3 is a schematic

per specfiﬁ‘we(/ 7i bration danper according to one enbodi nent
of the present |nvent| on; Fi gure 4 is a schematic cross sectional
representation of the of Figure 3;, ure 5 is a flat sheet

devel opfigstre gfis priehemadie Rersrestys Wewi cg R IRIEHSR dAFReE 4RSOTENG tprape

vi brati %Hwb%@ﬁ@ﬁtdf'tﬁé‘ és%}‘zf?wéﬁ‘ndﬁ' gure 3; Figure 6 is a graph
indicating t ype o stiffness characteristics that are desirable
in a vibration danper of Figure 3; Figure 7 is a schematic cross
section r. A ent
hvent | e SN EEE oo Rtk SRR P AT R o
resisting neans;

Figure 5 is a flat sheet development of the external compression resisting means of
the vibration damper illusirated in Figure 3;

Figure 6 is a graph indicating the type of stiffness characteristics 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 8 is a flat sheet devel opnent of the conpression resisting
means of Figure 7; Figure 9 is a schematic cross-sectional

represent aw(%boﬁ{w g3y enbodi ment of a vibration danmper w&t@B2005/000354
anti-rotation characteristics; Figure 10 is a flat sheet devel opnment

of the conpression resisting neans of Figure 9; and WO 2005/ 078288
PCT/ GB2005/ 000354 -6 Figure 11 is a schematic representation of a
vacuum punp incorporating a vibration danper simlar to that shown
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3, 4 and 5, vibration danper | conprises a first flange 11 for
connecting the danper 1 to a flange of the fluid exhaust 9 of the
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state the danper experiences a | oadi ng re- conj]rz essi 8
interlinking V—shaped straps 14, 15 are provi ed ne strap 14 is welded at either
end to the first flange 11 at diametrically opposed positions. The other strap 15 is
welded at either end to the second flange 12, also at diametrically opposed positions
of the flange. The two straps 14, 15 meet and over lap at their central portions such
that together they form a link that prevents the bellows from extending beyond a
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 fo



Extendi ng around the bellows 13 is a resilient structure 16 that is
able to wthstand significant conpressive |oading. The configuration
of this stmiotussersigd has been designed to avoid buckl i rgr/iGadoaness4
nodes associated with a conpressively |oaded structure by form ng an
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loading is experienced within the damper 1.

In order to inhibit transmission of the oscillating force associated with vibrations of
the pumping mechanism to the apparatus 7, the vibration damper 1 needs to be
compliant. In other words, it must have as low a value of stiffness (commonly
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 1o an initial loading (or pre-compression)
the initial load v displacement characteristic 17 is very steep, see Figure 6, which
corresponds io 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



designated "k") as possible. Hence the choice of the bell ows
configuration for the gas barrier 13, since such a conponent has a
very | ow valglen9hsagel al stiffness. The stiffness char aet®GB3d0E000354
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It is wdely known that inprovenents in conductance of a vacuum
system are achieved by maintaining | arge di aneter openings of short

I engt h. |AtilaBApesB0, §EHLEPNoHNEeRMBeld T aNEstPRE Y6 bABGENES 31 only,
exenplifjed in Figures 7 and 8. In this danmper 30, spring Support
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need f orcostpragsorn4f thexiamperhl witladiktelse hbed for straps 14, 15 which enables the
fluid flow path to be cleared of obstacles.

Springs 38 are attached from the distal end of members 34 to the bottom surface (as
shown in Figure 8) of flange 32. Consequently, all 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 38 can be introduced to further enhance the conductance value of the
damper 30, thus leading to an improved quality vacuum.



fluid flow path to be cleared of obstacles. Springs 38 are attached
fromthe distal end of nenbers 34 to the bottomsurface (as shown in
Fi gure 8) &fohdoaaess32. Consequently, all of the springscB@Bane000354

| ocated beneath the flanges 31, 32. This sinplification creates
shorter space between the flanges 31y 32 of danper 30 than the space
between the flanges 11, 12 of danper 1. By decreasing the distance
bet ween the fl anges, the conductance of the danper 30 is inproved.
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In order for the pump 8 to rotate further, each of these support members 44, 43 must
deform. Such deformation takes more energy out of the system and therefore

reduces the likelihood that the vacuum pump 8 will be separated from the apparatus

7. Hence, further destruction or injury may be avoided.

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 38.

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 ali of the
aforementioned advantages. The pump 50 comprises a stator 51 and a rotor 52ina
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



deform Such deformation takes nore energy out of the system and
therefore reduces the likelihood that the vacuum punp 8 will be
separat ed fy@mesh@apparatus 7. Hence, further destrucec@m:p2bosiofissy Y
may be avoided. Returning nowto Figure 8, it nay be noted that in
the event of a vacuum punp seizure fk@ange 32 with cl earance hol es 37
woul d act as the interference rings 46, 47 in Figures 9 and 10, in
conbi nation with support nenbers 36. The conponents of the vibration
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transmitted from the vacuum pump to the apparatus being evacuated.

Furthermore, the typical compréssion resistance sfructure has been replaced by an
equivalent structure that experiences tensile deflection rather than compressive

deflection such that buckling forces are avoided.

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.



whi ch enabl es a nmuch | ower stiffness value to be incorporated into
the design of the danper. This |ower stiffness value is desirable in
order to inhibit vibration being transmtted fromthe vacuum punp to
t he apparat us bei ng evacuat ed. Furthe_rﬁo_re, the typical conpression
resi stance structure has been replaced by an equival ent structure

t hat experiences tensile deflection rather than conpressive

defl ection such that buckling forceClaAlM$&voi ded. Finally, a danper
is provided which presents inproved safety of the vacuum system in
use by provision of a rotation inhibiting configuration such that the
possi bi kity af,,: i h®Rinef e A I BIP
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i nhi bi ting tdarisgéne efasudiicatthereaf byampappaBatthe dampeardil) agmprising a
evacuation thereof by a pu t.h anper (1 L.sin .
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during use ofxigheoa@igrsion pfithe hellows arangeraanidde) ﬂgria&iuae@the damper
pre-conpressed, . rd I I f j o & j
conpr essi on ?ﬁfiy\ﬁlgﬁﬁbgggﬁﬁgesr iigta %#\%2{7 ﬁé%ﬁ%”@%&dagf‘%#&?f éueglggratﬁétathe
tension in sugdarg feayimithat axibecorhpresdionpds) Cdinprises wyistoteetieans (23)

external axial force tending to conpress the pello arrangenent . (13
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conpression 0O OWs arrange A vi bration danper
accor di ng t oti@ sdgistive mhene(2Btibsubjeictaii atermilgdonmsnt thesresisiarcs
wi th the punp.

3. .A vibration danper ording to. Claim1 or im?2,
wher ei n one EXEENHON Ak eH&IS'ISgV\% rrhr%)arrgr@gﬁ‘gm)o?lﬂg @i"\ﬁg(?f’wr%ﬁ'%%%g'et 0
the punp. 4. pA¥Eidn@@ntRes). according to Caim3, wherein said
one end of the bellows
2. A vibration damper according to Claim 1, wherein the bellows arrangement is

integral with the pump.

3. A vibration damper according to Claim 1 or Claim 2, wherein one end of the

bellows arrangement is directly attached to the pump.

4, A vibration damper according to Claim 3, wherein said one end of the bellows

arrangement is directly attached to a flange integral with the housing of the

pump.

5. 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.

6. A vibration damper according to Claim 1, comprising means for connecting

the damper between the apparatus and the pump.



arrangenment is directly attached to a flange integral with the

housi ng of the punp. 5. A vibration danper according to Claim3 or
Claim4, wherein the other end of the bellows arrangenent is
attached to a flange for connecting the, punp to the apparatus. 6. A
vi bration danper according to Claim 1, conprising neans for
connecting the danper between the apparatus and the punp. -12- 7. A
vi brati dn dampebratonotatnpgr accottiagro & laivh 81 whardihéhe oomeettioormeaahs

of The” “hel | GRTIRES Tgeh Al SeaACTaaes o e g B e PO D s of e
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preceding claim wherei'n the bellows arrangenent defines at | east
part of a fl depaparates. fluid drawn fromthe apparatus by the punp.
9. A vibration danper according to any preceding claim wherein the
danper is axially pre-conpressed by neans for |limting axial

extensi @ of A figr&Rin @¥mpepscangRgEbianylftecdding aizitn, amedaintthe bellows
according to Claim9, wherein the extension limtin i

] g. neans_is
attached to @ranggsterislefions abfeashaapal pdiw patrieg dkishdrawfror the

vi bration da [ I Caim9 or Caim10, wherein the
ext ensi on |{%%Ff%§g%é’gh§%co ri ses first and second co-operating

menbers each attached to a respective end of the bell ows
arrangenent. 12. A vibration danper, according to . Claim11, erein .
each nerer C%H'Bf?t%gﬁmqu ahy 9&8%@@9‘?&5@&&6' V@ieéﬁ'&fﬁg MIRET IS
opposed | ocaty B_ddMRoreb88P B trhagnLnd liRfitidd 8xiBrd ttemsi oA df e BERGWS
such t hat thedx?rﬂ%Mrs co-rgperatg to draw thed1ends of the bell ows
arrangenent tagetdeenerdo as to pre-conpress the danper.

10. A vibration damper according to Claim 9, wherein the extension limiting

means is attached to at least one end of the bellows arrangement.

11. A vibration damper according to Claim 9 or Claim 10, wherein the extension
limiting means comprises first and second co-operating members each

attached to a respective end of the bellows arrangement.

12. A vibration damper according to Claim 11, wherein each member comprises 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.

13. 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.



13. A vibration danper according to Claim11l or Claim 12 when
dependent from Caim?7, wherein each nenber is connected to the
respective end of the bellows arrangenent via a respective flange.
-13- 14. A vibration danper according jp Cainms 7 and 9, wherein the
extension limting nmeans conprises an axially extendi ng nenber
attached to one of the flanges and engaging the other flange to

pr e- conpess A vibratmmpbampdbacodraingriatGlaimslampdr9, adwre thg exter@ien m

Focated " RN a5 oo R eheRTaR b lRe R T Shbh e
menber. engagiiighl &ngldifagiAREStnd arfeioraldci 4 dargerding to
whér e n t he I | ows

any preceding clfaim be arrangenent extends about
an axis and the resistive nmeans is arranged about said axis. 17. A

vi bratiqn danper according to Cai ) erein. reshstiv ns
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C ai m 16 whennglapenggasies thedudH ah BbérturardeaRidntihe oftes i fiingeeaniisakpars
arranged about the punp. 19. A vibration dar‘qr)\er according to Caim
18, wherei n tféhe axiply pylendisghdenberangasiddheotheieliagesi ng of the
punp. 20. A vibration danmper according to Caim 16, wherein the
resistive neans is arranged about the bell ows arrangenent. 21. A

vi brat i o, danfpeibratpeodaihpgr dccdttimigno iy peeeding ddie, mésirsini the beliaws
conprises a plurality of resistive elenments. 22. A vibration da r
according to adaéigﬂ"ﬁg./ﬂt RIS FP LA a;,)g§pggﬁ%reeqlgwgdpeae%gﬁﬂrggg@cgabout
metal coil teRsQRssSPring. 23. A vibration danper according to Caim
21 , wherein each of the resistive elenents is inclined relative to
a plane extending orthogonally to said axis. -14-

17. A vibration damper according to Claim 16 , wherein the resistive means is

arranged about the damper.

18. A vibration damper according to Claim 16 when dependent from Claim 2,

wherein the resistive means is arranged about the pump.

19. A vibration damper according to Claim 18, wherein the resistive means is

attached to the housing of the pump.

20. A vibration damper according to Claim 16, wherein the resistive means is

arranged about the bellows arrangement.

21. A vibration damper according to Claim 16, wherein the resistive means

comprises a plurality of resistive elements.

22. A vibration damper according to Claim 21, wherein each resistive element

comprises a metal coil tension spring.

23. A vibration damper according to Claim 21 , wherein each of the resistive

elements is inclined relative to a plane extending orthogonally to said axis.



24. A vibration danper according to any of Clains 21 to 23, wherein
each resistive elenent is attached at one end to a first radially
extending flange and at the other end to a second radially extending
flange, the first and second radially,gxtending flanges being
axially separated. 25. A vibration danper according to C aim 24,
wherein said one end of the resistive elenent is attached to the
first radi aI |y extending flange via a support nenber. 26. A

vi brat i el _acco dln to Ca rein u
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end of the resistive elenment is directly attached to the second
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o] ains 25 h
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rel ative rotational novenent therebet ween. 29. A punp conprising a

vi bration danper according to any ms 1 to.5 and 8an
r}!\pv;bra’uon dampgr accordmg to Cﬁ]alm 24, wherein sa{(]i one enéJ o?’the
resistive element is attached to the first radially extending flange via a support

member.

26. A vibration damper according to Claim 25, wherein the support member

extends through an aperture in the second radially extending flange.

27.  Avibration damper according to Claim 25 or 26, wherein the other end of the

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

28.  Avibration damper according to any of Claims 25 to 27, comprising means for
contacting the support member upon rotation of one flange relative to the

other to inhibit relative rotational movement therebetween.

29. A pump comprising a vibration damper according to any of Claims 1 to 5 and
8 and 27.





