- 1 - MOLECULAR DRAG PUWPI NG MECHANI SM The present invention rel ates
to a nol ecul ar drag punping nechanism and in particular to a

Si egbahn p&opoesg3s@zhani sm 5 Mol ecul ar drag punpi ng nmeRCEGBEAB050441
operate on the general principle that, at |ow pressures, gas

nol ecul es striking a fast noving surface can be given a velocity
conponent fromthe noving surface. As a result, the nolecules tend to
take up the sane direction of notion as the surface agai nst which
they 10 strike, which upge R ' 2 RHEP and
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opposing a disk-like stator el enment "defining spiral channels that
extend frdmthe outer periphery of the stator towards the centre of
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subst anti al | wigHelr pessand int thetvitgnifoithd pund &lhatetl.ity of stator
el enents 22 of the Siegbahn punping nechani smare | ocated between the

rotor elenents 20. As illustrated in nore detail in Figure 2, each
stator el ener e pERIPMd Fieehénisms generally comprise a rotor and a stator provided

with one or more helical or spiral channels opposing the rotor. One type of

15  molecular drag pumping mechanism is a Siegbahn pumping mechanism,
which comprises a rotating planar element opposing a disk-like stator element
defining spiral channels that extend from the outer periphery of the stator
towards the centre of the stator.

20 Figure 1 is a cross-sectional view of part of a vacuum pump including a multi-
stage Siegbahn pumping mechanism. The vacuum pump comprises a drive
shaft 10 supported by sets of bearings 12 for rotation about longitudinal axis
14 by motor 16. An impeller 18 is mounted on the drive shaft 10 for rotation
therewith. The impelier 18 comprises a plurality of rotor elements 20 of the

25 Siegbahn pumping mechanism, the rotor elements 20 being in the form of
planar, disk-like members extending outwardly from the drive shaft 10,
substantially orthogonal to the axis 14. A plurality of stator elements 22 of the
Siegbahn pumping mechanism are located between the rotor elemenis 20.
As illustrated in more detail in Figure 2, each stator element 22 comprises a

30 plurality of walls 24, 25 located on each respective side thereof. The walls 24
define a plurality of spiral flow channels 26 on one side of the stator element



30 plurality of walls 24, 25 |ocated on each respective side thereof.
The walls 24 define a plurality of spiral flow channels 26 on one
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and the walls 25 define a plurality of spiral flow channels 27 on the
ot her side of the stator el enent 22. Th_@_spi ral flow channels 26 are
configured to generate a punping action with 5rotation of the drive
shaft 10, and thus with rotation of the rotor el enent |ocated

adj acent the_fl ow channel t hat creates s f| Sj of
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towards a cegle f teostatdtieferiénid2.t he stator el enent 16. Conversely,
the spiral flow channels 27 are configured to generate a punpi ng

action that creates a gas 10 flow, on the other side of the stator

el enent 22, ; @@e r it
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channels 27 are configured to generate a pumping action that creates a gas
10 flow, on the other side of the stator element 22, from the central aperture 30
backs towards the outer rim 28 of the stator element 22, from which the gas
flows towards the next stage of the pumping mechanism.

During pump assembly, the impeller 18 is mounted on the drive shaft 10, and
15 the stator elements 22 are progressively assembled between the rotor
elements 20 of the impeller 18. In one known assembly technique, each
stator element 22 is divided into two semi-annular sections 32, 34 by
diametrically sectioning the stator element 22. The two sections 32, 34 of
each stator element 22 are radially inserted between a respective pair of rotor
20 elements 20 of the impeller 18 so that the sections 32, 34 re-form the annular
stator elements 22, with the outer rim 28 of one stator element 22 resting on
the outer rim 28 of the adjacent stator element 22. A casing 36 is then
assembled about the stator elements 22 in order to retain the stator elements
22 relative to the impelier 18.
25
The sectioning of the stator elements 22 creates an air gap 40 between the
sectioned faces of the two sections 32, 34 of each stator element 22 in the
assembled vacuum pump. This air gap 40 opens a leakage path, indicated by
arrows 42 in Figures 1 and 2, between the flow channels 27, 25 through the
30 thickness of the stator element 22, and about the stator element 22, that is,
between the stator element 22 and the casing 36. In order to minimise the
size of the air gap 40 between the sections 32, 34 of the stator elements 22,



dianetrically sectioning the stator elenment 22. The two sections 32,
34 of each stator elenent 22 are radially inserted between a
respect i vewpapes/igfliz ot or 20 el enents 20 of the inpel | erPUBCBWOT/iA441
the sections 32, 34 re-formthe annular stator elenents 22, with the
outer rim 28 of one stator element 22 regting on the outer rim 28 of
t he adjacent stator elenment 22. A casing 36 is then assenbl ed about
the stator elenents 22 in order to retain the stator elenents 22
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extendi ng towards the other of the rotor el enent
into contact.

By providing means for bringing the sections of the stator element into

15 contact, the size of the air gap between the sections can be reduced, and
therefore the rate at which gas leaks between the sections of the stator
element can be reduced. This can significantly improve the gas compression
of the pumping mechanism.

20  For example, a rigid slide ring or a chain may be located around the sections
of the stator element in order to bring the sections together. Alternatively, the
means for bringing the sections into contact may be conveniently provided by
a means for urging the sections together. For example, a resilient member
may be located about the periphery of the sections for urging the sections into

25  contact. This resilient member may comprise an O-ring sealing element
encircling the sections. Having the means for bringing the sections into
contact located about the periphery of the sections can also provide a seal
extending about the stator element for engaging the inner surface of a casing
located about the Siegbahn pumping mechanism, and thereby inhibiting gas

30 flow between the casing and the stator element.



10 and the stator elenent and defining a plurality of spiral

channel s, the stator elenent conprising a plurality of sections and
means for Woi2gyoagiizhe sections into contact. By provi dPCRGREANGSf4ar
bringing the sections of the stator elenent into 15 contact, the size
of the air gap between the sections can he reduced, and therefore the
rate at which gas | eaks between the sections of the stator el enent
can be reduced. This can S|gn|f|cantly | nprove the gas conpression of
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el enent eﬁcircling t he sections Having the neans for bringing the
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comprising a plurality of walls extending towards the other of the rotor element

and the stator element and defining a plurality of spiral channels, the stator

element comprising a plurality of sections and means for bringing the sections
15  into contact.

The Siegbahn pumping mechanism may comprise a plurality of rotor elements
located on the drive shaft and a plurality of stator elements located between
the rotor elements, each stator element comprising means for bringing the

20  sections of that stator element into contact. The means for bringing the
sections of the, or each, stator element together may be as aforementioned in
respect of the first aspect of the invention.

The vacuum pump may comprise at least one turbomolecular pumping stage
25  upstream from the Siegbahn pumping mechanism. The vacuum pump may
also comprise additional molecular drag and/or fluid dynamic stages
downstream of the Siegbahn pumping mechanism. Examples of these
downstream stages include Holweck, Gaede and/or regenerative pumping
mechanisms.
30
Preferred features of the present invention will now be described, by way of
example, with reference to the accompanying drawings, in which:



5 The present invention also provides a vacuum punp conprising at

| east one Si egbahn punpi ng nmechani smas aforenentioned. In a second
aspect, thwwopeesasiizi nventi on provides a vacuum punp caI/GBIONT05a441
drive shaft, and a Si egbahn punpi ng nechani sm conprising a rotor

el ement | ocated on the 10 drive shaft apd an annul ar stator el ement

| ocat ed about the drive shaft and proxifmate the rotor el ement, one of
the rotor elenent and the stator elenment conprising a plurality of
wal | s extendi ng towards the other of the rotor elenent and the stator
el ement and defining a plurality of spiral channels, the stator

el ement COMDFghdg idta Rbasdddivnalvies et banof amhompargulAr plinpngi ng the
sections 15info contact. The Siegbahn punpi ng nmechani sm may conprise

a plurality eimpusiog achiegeanpurepEIOSHCYIANi$8; drive shaft and a
plurality of stator elenents |ocated between the rotor el enents, each
stator el enent conprising neans for bringing the 20 sections of that
st at or el®neRigure? ds aperspectivd Wewefanstatareldmenigifibe meshepism ohkigure
the, or each, stator elenent together nmay be as aforenmentioned in
respect of theM9rst aspect of the invention. The vacuum pump may
conprise at | east one turbonol ecul ar punping stage 25 upstream from

t he Si egbahn_punping nmechani sm The vacuum pu may .al So conprise
addi ti onal nbIGHERIBAF 2 GreRs-sarlirpR! viewioha Shan %&%{6@9 of uiet L pHTEP

the Si egbahng Hﬁéiﬁ%a@%@@éﬂﬁﬁhmﬁ#@%b%rﬂéml hese downstream st ages
I ncl ude Hol weck, Gaede and/or regenerative punping nechanisns. 30 -

5 - Figut® 1 is a cross-sectional view of part of a known vacuum punp

conpri sing agy fIRFNLBWEAHof B GAANM Pump. The vacuum pump comprises a
drive shaft 100 supported by sets of bearings 102 for rotation about
longitudinal axis 104 by motor 106. An impeller 108 is mounted on the drive
shaft 100 for rotation therewith. The impeller 108 comprises a plurality of

15  rotor elements 110, 112, 114 of a Siegbahn pumping mechanism. In this

example, the rotor elements are in the form of planar, disk-like members
extending outwardly from the drive shaft 100, substantially orthogonai to the
axis 104.

20 A plurality of stator elements of the Siegbahn pumping mechanism are
located between the rotor elements. In this example, the Siegbahn pumping
mechanism comprises three rotor elements 110, 112, 114 and two stator
elements 120, 122, although any number of rotor elements and stator
elements may be provided as required in order to meet the required pumping

25 performance of the vacuum pump.

Each stator element 120, 122 is in the form of an annular stator element, and
comprises a plurality of walls that extend towards an adjacent rotor element.
For example, with reference to stator element 120, the stator element 120

30 comprises a plurality of walls 124, 125 located on each respective side
thereof. The walls 124 extend towards rotor element 110, and define a

plurality of spiral flow channels 126 on one side of the stator element. The



5 Figure 2 is a perspective view of a stator element of the nechanism
of Figure 1; and Figure 3 is a cross-sectional view of a part of an
exanpl e of wa ze@stasuTe punp conprising a Siegbahn punpi ng IHECGBINNEEN4410
Figure 3 illustrates part of a vacuum punp. The vacuum punp conprises
a drive shaft 100 supported by sets of bgarings 102 for rotation
about | ongitudinal axis 104 by notor 106." An inpeller 108 is nounted
on the drive shaft 100 for rotation therewith. The inpeller 108

conprises a p| |4 or, el enent 10 1 114 of a X

S egbann pamiials Treisind Fvdrit P Ee BN T2 Phyd Splie bl seiiel
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drive shaft 100, subs antial_ly orthogonal to the axis 104. 20 A
plurality of 'SEARfUred &ha srailasmanner & siattflemenbi 2¢ mechani sm ar e

| ocated between the rotor elements. In this exanple, the Siegbahn
punpi ng nmechani sm conprises three rotor elenents 110, 112, 114 and
two statof ellbgehightiofthe walls obtheraiatgh etemyenta 28y 122 decteases brialint s
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on each respective side thereof. The walls 124 exten owar ds rotor
el enent 140, and define a plurality of spiral flow channels 126 on

one side of EaghstabpréierePRYectibR&d into a plurality of sections which are
assembled about the drive shaft 100. In this example, each stator element

comprises two semi-annuiar sections., The stator elements may be sectioned
by any suitable process, for example by wire erosion.

15
To assemble the pumping mechanism, the impeller 108 is mounted on the
drive shaft 100, and the stator elements 120, 122 are progressively
assembled between the rotor elements of the impeller 18. The sections 140,
142 of the stator element 122 are first located between the rotor elements

20 112, 114, with the lower surface of the outer rim of the stator element 122
engaging the upper surface 134 of a housing 136 extending about the motor
106. The sections 140, 142 of the stator element 122 are then brought into
contact by a resilient member 144 which is focated about the outer periphery
146 of the stator element 122 and which urges the sections 140, 142 towards

25  the drive shaft 100 and thus into contact along the sectioned faces of the
sections 140, 142. In this example, the resilient member 144 is provided by a
resilient O-ring sealing member, preferably formed from elastomeric material.
A groove may be provided about the periphery of the stator element 122 to
facilitate location of the resilient member 144 thereabout.

30
The sections 150, 152 of the statar element 120 are then located bstween the
rotor elements 110, 112, with the lower surface of the outer rim of the stator



WD 2008/ 035112PCT/ GB2007/ 050441 - 6 - walls 125 extend towards rotor
el ement 112, and define a plurality of spiral flow channels 127 on
the other wodeosgbsmihe stator el ement. Stator el ement 12ZWEB2007/050441
configured in a simlar manner to stator element 120. 5 The hei ght of
the walls of the stator elenments 120, 122 decreases axially along the
Si egbahn punpi ng mechanism that is axially fromthe inlet 130 of the
punpi ng nmechani smtowards the outlet 132 of the punping nmechanism so

that the vol ynmes o he fl.ow,,channel s gr

outl et 132 1PEBRpI A EngRAng SR FrEE s BGae are ST e e SRt SRl
Each stator glenmy sédionaclsoonsd of tHeostatarlelarabnit 4200dresthen boogghtfinitoh
are assenbl ed about the drive shaft 100. In this exanmpl e, each.stator
gl ement conpiongae byoresdient memfelr! 54awlich fslocgied %{oégng?e eYtERRRTRNGRYy
e sectione | Hege ; is PSS B 154 giaedn. 15
To assenbl e%ﬁﬁﬁﬁﬁ?ﬁ? %@bﬁéﬁﬂg% %ﬁ?éﬁ'?ﬁr'ﬁ& I e@tig%ﬁibs rmuntag?egn t he
drive shaft pirovidedrny a tesilienhOoring sealingt weMb@r. 122 are progressively
assenbl ed between the rotor elenments of the inpeller 18. The sections
140, 142 of the stator elenment 122 are first |ocated between the

rotor el enentdliowddd dsseriBly ofitiid Stdgbahn\waimping freecbanisi, lredaitey ri m of
the stator elenent 122 . , .
pumping mechanism located upstream from this pumping mechanism, such
as a turbomolecular pumping mechanism, a casing 160 is assembled about
10 the stator elements 120, 122 in order to retain the stator elements 120, 122
relative to the impeller 108. As fllustrated in Figure 3, the inner surface of the

casing 160 engages the resilient members 144, 154.

During use of the pump, gas is conveyed into the Siegbahn pumping

15 mechanism through the inlet 130 thereof. The rotation of the rotor element
110 relative to the stator element 120 generates a pumping action that causes
gas to flow along the flow channels 126 on one side of the stator element 120
from the outer rim of the stator element towards a central aperture 170 of the
stator element 120. The rotation of the rotor element 112 relative to the stator

20  element 120 generates a similar pumping action that causes gas to flow on
the other side of the stator element 120 along the flow channels 127 from the
central aperture 170 back towards the outer periphery of the stator element
120, from which the gas flows into the flow channels of the stator element 122
to be pumped, in a similar manner, towards the outlet 132 of the pumping

25 mechanism.

The provision of the resilient members 144, 154 serves a number of
purposes. Firstly, by bringing the sections of each respective stator element
120, 122 into contact, the leakage of gas between the sections can be

30 significantly reduced, thereby imprbving the compression of the Siegbahn
pumping mechanism. Secondly, by providing an annular sealing member
about each stator element and which contacts the inner surface of the casing



engagi ng the upper surface 134 of a housing 136 extendi ng about the
notor 106. The sections 140, 142 of the stator elenent 122 are then
br ought i mvo 2o@Bsat by a resilient menber 144 which i se¢weBitethsabaut
the outer periphery 146 of the stator el enent 122 and which urges the
sections 140, 142 towards 25 the drive ghaft 100 and thus into
contact along the sectioned faces of the sections 140, 142. In this
exanple, the resilient nenber 144 is provided by a resilient O-ring
seal i ng nenber, preferably forned fron1elggto ric materi groove
0
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facilitate | . R&adiss bah BBtinHBidEer 144 thereabout. 30 WO
2008/035112ﬁ%§?@§%€%@§65044fﬁ§ 7 - elenment 120 engagi ng the upper

surface of the outer rimof the stator element 122. The sections 150,
152 of the stator elenment 120 are then brought into contact by a
resilient nmenber 154 which is |ocated about the outer periphery 156
of the stator elenent 120. Again, this resilient nenber 154 may be 5
provided by a resilient O-ring sealing nmenber. Follow ng assenbly of
t he Si egbahn punpi ng nmechani sm and of any punpi ng nmechani sm | ocat ed
upstream fromthis punping nechani sm such as a turbonol ecul ar
punpi ng mechani sm a casing 160 is assenbl ed about 10 the stator

el ements 120, 122 in order to retain the stator elenents 120, 122
relative to the inpeller 108. As illustrated in Figure 3, the inner
surface of the casing 160 engages the resilient nmenbers 144, 154.
During use of the punp, gas is conveyed into the Siegbahn punping




15 mechani smthrough the inlet 130 thereof. The rotation of the rotor
el ement 110 relative to the stator elenent 120 generates a punping
action that causes gas to flow along thegfl ow channels 126 on one
side of the stator elenent 120 fromthe outer rimof the stator

el enent towards a central aperture 170 of the stator elenent 120. The
rotation of Wheatisati@medlignent 112 relative to the stator 20 el ement
120 generates a simlar punping action that causes gas to flow on the
ot her side of the stator elenent 120 along the flow channels 127 from
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stator elenent 120, from which t _ ow channel s
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gas between the stator elenents and the casing can be inhibited. 9

VWhat is clainmed is: _ _ .
A pumping mechanism according to Claim 1, wherein the means for

bringing the sections into contact comprises means for urging the
sections into contact.

3. A pumping mechanism according to Claim 1 or Claim 2, wherein the
means for bringing the sections into contact extends about the sections
and forms a seal with a casing surrounding the rotor and stator
elements.

4. A pumping mechanism according to any one of claims 1 to 3, wherein
the means for bringing the sections into contact comprises a resilient
member extending about the sections.

5. A pumping mechanism according to Claim 4, wherein the resilient
member comprises an O-ring sealing element,

6. A vacuum pump comprising at least one Siegbahn pumping mechanism
according to any one of claims 1 to 5.



1. A Siegbahn punping mechani sm conprising a rotor elenment and a
stator elenent |ocated proximte the rotor elenent, one of the rotor
el enrent and the stator elenent conprisi g a plurality of walls
extending towards the other of the rotor el enment and the stator

el ement and defining a plurality of spiral channels, the stator

el ement conprising a plurality of sections assenbl ed together and
means for bringing,the sections into contact to reduce a gap between
t he section?: 2. MAYGRPYRPURRFRIRPSHGR divelshaft, eod @ Sipabahn purepieg n

t he means for bringj i i j i f.or
urging the secti ongfe?ﬁ?@g?o%ﬁ?éifgaé '10% r%d&nﬁ?'ﬁfg&sr%% g}r?umse?n&?gcr%%ﬁ?aﬁ‘ to
Claim 1 or C ai m 2an@ahewiei statohelempeant dodated dbvdun tiendrivelshagteotipoodmitet o

cont act extends abgut i ons d_for a seal  w a casing
surroundi ng the rg@]l %rrogﬁ%’eﬁ%{t’o‘?ne@@ﬁ%mtgr_ ‘%Teﬁgm?ﬁgaq%%'ﬁﬁlﬁﬂgm _
according to any ocenpofisiog aipi@ality bPwalls MMef@hdtduRedSBRItthd it th idléH ng
the sections into c‘ont aﬁg%ﬁ nprises a resilient nenber extending

about the sectionsT€HeEN iSigfonelement ang defivndia piralty of spiral 4,

whereln the resl | IaRhnERIVE S ABBEHRAPeADAsY AYIFERY bPOAbROEN! - O
A vacuum punp conpri si n? at | east one |e5 ahth punpi hg nechani sm
according to any cifeepled ipuatel andndans i@ bringihgibe sectioparido contact to
conprising a drive,

, i n_punpi ng nechani sm conpri si ng
a rotor el enent |08§P§%Bgﬁsﬁégﬁeﬁﬂ®gggﬁﬁqrﬁ. and an annul ar st ator :

el enent | ocated about the drive shaft and proximate the rotor
el enent, ong of tg’f rotor el enent and hﬂgl}ﬁs ator el enment caonprising a

plurality of wall <" P8R PHEPEGRANY to VNG rinthe means forerngst

and the stator el en@Becthd 10@thed dtinptisel Widlrstir @hingRhé ket MA\GARs
the stator element, conprising a plurality of sections assenbl ed

t oget her and nmeand"$ 8FV&ehafling the sections into contact to reduce a
gap between the sections. 8. A vacuum punp according to Claim?7,
wherein the means for bringing the sections together conprises neans
for urging $he sedtvansin pwapdscortingdoiGlainshaf €laid 8, AWheesiu tha means

according to dai %r7br9{gin(5 Ak Do §loS ohtd R &xiTRE0Shout the sections and

forms a seal with a casing surrounding the rotor and stator elements.

10. A vacuum pump according to any of Claims 7 to 9, wherein the means
for bringing the sections into contact comprises a resilient member
extending about the sections.

11. A vacuum pump according to Claim 10, wherein the resilient member

comprises a resilient, O-ring sealing element.

12. A vacuum pump according to any of Claims 7 to 11, wherein the
Siegbahn pumping mechanism comprises a plurality of said rotor
elements located on the drive shaft and a plurality of said annular stator
elements located between the rofor elements, each stator element

comprising means for bringing the sections of that stator element info



for bringing the sections into contact extends about the sections and
forms a seal with a casing surrounding the rotor and stator el enents.
10. A vacuum punp according to any of Ghains 7 to 9, wherein the
means for bringing the sections into contact conprises a resilient
menber extendi ng about the sections. 11. A vacuum punp according to
C ai m 10, whereincehtact.esilient nmenber conprises a resilient, O-ring
sealing elenent. 12. A vacuum punp according to any of Clains 7 to
11, wherein the Siegbahn punping nechani smconprises a plurality of
sai d rotor 9. enentsvdcudi peng @céd?@ingrtb %Ay shefdimsndo azpédmaiéiﬁqaﬂéast
said annular stator elenments | ocated between the rotor elenents, each
stator el ement coRPRitY ORISR PHEWING siage wepliass emithe Siegbrhrhat
stator elenent in - 13. A vacuum punp according to any
of Clainms 7 to 12?955ﬁ%%ﬁ§9ﬁ§ﬁ§?'|east one turbonol ecul ar punpi ng
stage upstream fromthe Siegbahn punping nmechanism 14. A vacuum

punp accordi,ng to i t0.13, ¢ risLn t least o

punpi ng neglﬁani smAS‘%\\%th@Jﬁé gf%oiglpﬂéo @%ﬁﬁ%@%hﬁ%ﬂ%&%ﬁm é}ﬁ?asia
A vacuum punp accondpogpimg iGeeianiskd dowhetfin (18ai e BiedtRddtpuditeng
punpi ng nmechani sm COH’%%.I ses at | east one of a Hol weck punping

mechani sm a Gaedf *fy mechani sm and a regenerative punping
mechani sm

15, A vacuum pump accerding to Claim 14, wherein said at least one
pumping mechanistm comprises at least one of a Holweck pumping

mechanism, a Gaede pumping mechanism and a regenerative pumping
mechanism.



