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VACUUM PUMP

The present invention relates to a vacuum pump, and finds particular, but not
exclusive, use in a vacuum pump comprising a molecular drag pumping

rmechanism.

Molecular drag pumping mechanisms operate on the general principle that, at
low pressures, gas molecules striking a fast moving surface can be given a
velocity component from the moving surface. As a result, the molecules tend
to take up the same direction of motion as the surface against which they
strike, which urges the molecules through the pump and produces a relatively
higher pressure in the vicinity of the pump exhaust.

These pumping mechanisms generally comprise a rotor and a stator provided
with one or more helical or spiral channels opposing the rotor. Types of
molecular drag pumping mechanisms include a Holweck pumping mechanism
comprising two co-axial cylinders of different diameters defining a helical gas
path therebetween by means of a helical thread located on either the inner
surface of the outer cylinder or on the outer surface of the inner cylinder, and
a Siegbahn pumping mechanism comprising a rotating disk opposing a disk-
fike stator defining spiral channels that extend from the outer periphery of the
stator towards the cenire of the stator. Another example of a molecular drag
pumping mechanism is a Gaede mechanism, whereby gas is pumped around
concentric channels arranged in either a radial or axial plane. In this case,
gas is transferred from stage to stage by means of crossing points between
the channels and tight clearance ‘stripper’ segments between the adjacent
inlet and outlet of each stage. Siegbahn and Holweck pumping mechanisms
do not require crossing points or tight clearance ‘stripper’ segments because
thelr inlets and outlets are disposed along the channel length.

For manufacturing purposes a Siegbahn pumping mechanism may be
preferred to the Holweck and Gaede pumping mechanisms. However, for a
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given rotor-to-stator clearance, a Siegbahn pumping mechanism typically
requires more pumping stages to achieve the same levels of compression and
pumping speed as a Holweck pumping mechanism. Furthermore, a Siegbahn
pumping mechanism requires tight clearances to be achieved in an axial
direction, otherwise more pumping stages — and thus greater power
consumption — will be required to achieve the required level of pumping
performance. Achieving tight axial clearances between the rotor and stator
components of a Siegbahn pumping mechanism can be relatively difficult
and/or costly. For example, US 6,585,480 describes a vacuum pump
comprising a drive shaft having a plurality of rotor disks of a Siegbahn
pumping mechanism mounted along the length of the shaft. Stator disks
extend radially inwardly from the stator of the vacuum pump and are located
between the rotor disks. A relatively complex and expensive magnetic
bearing arrangement comprising upper and lower radial magnetic bearings,
and an axial magnetic bearing, is provided for supporting the drive shaft out of
contact with the stator, and for maintaining the required axial clearances
between the rotor and stator disks.

The present invention provides a vacuum pump comprising a housing, a drive
shaft supported by a bearing arrangement for rotation relative to the housing,
and a pumping mechanism comprising a stator component mounted on the
housing and a rotor component mounted on the drive shaft axially proximate
the stator component, the bearing arrangement comprising a bearing
supported in both radial and axial directions by a metallic resilient support,
comprising inner and outer annular portions connected by a plurality of flexible
members, so that there is a fixed relation between the inner race of the
bearing and the outer portion of the resilient support to determine the axial
clearance between the rotor and stator components of the pumping

mechanism.

The use of a resilient support for both supporting the drive shaft in the axial
and radial directions, and for determining the axial clearance between the



10

15

20

25

30

-3-

rotor and stator components of the pumping mechanism, can significantly
reduce the cost and complexity of the prior bearing arrangement of axial and
radial magnetic bearings whilst enabling tight tolerance control of the axial
position of the bearing in the resilient support, and thus tight controi of the
axial clearance between the components of the pumping mechanism, to be
achieved.

Each of the flexible members is preferabiy an elongate, arcuate member
substantially concentric with the inner and outer annular portions. In the
preferred embodiment, these members are circumferentially aligned. The
flexible members of the resilient support can thus provide integral leaf springs
of the resilient support, and hence determine the radial stiffness of the
resilient support. The radial flexibility of the resilient support may be readily
designed, for example using finite element analysis, to have predetermined
flexure characteristics adapted to the vibrational characteristics of the drive
shait. Low radial stiffness in the range from 50 to 500 N/mm may be achieved
to meet the required rotor dynamics of the vacuum pump; lowering the radial
stiffness reduces the second mode natural frequency of the pump, which in
turn reduces the transmissibility of vibration at full pump speed and hence the
level of pump vibration for a specific shait out-of-balance. In view of this,
acceptable levels of transmission imbalance vibration may be achieved
without the need to perform high speed balancing, providing a significant cost

reduction per pump.
The flexible members may be axially displaced to axially preload the bearing.

The resilient support is preferably formed from metallic material such as
tempered steel, aluminium, titanium, phosphor bronze, beryliium copper, an
alloy of aluminium or an alloy of titanium. In this case, the radial and axial
stiffnesses of the resilient support do not change with temperature or with
time, that is, through creep. The axial stiffness of the resilient support is
preferably in the range from 500 to 10,000 N/mm, more preferably in the
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range from 500 to 1,000N/mm and most preferably in the range from 600 to
800 N/mm, so that there is minimal axial movement of the drive shaft during
operation of the pump, thus enabling the tight axial clearance between the
components of the pumping mechanism to be substantially maintained during

operation of the pump.

At least one elastomeric damping member is preferably mounted on the
resilient support for damping radial vibrations. The damping member may be
conveniently located within an annular groove formed in an end surface of the

resilient suppaort.

The pumping mechanism may be a Siegbahn pumping mechanism, with one
of the rotor and the stator components comprising a plurality of walls having
side surfaces extending towards the other of the rotor and the stator
components and defining a plurality of spiral channels. Alternatively, the
pumping mechanism may be a Gaede pumping mechanism, or a regenerative

pumping mechanism.
The pumping mechanism may comprise a plurality of said rotor components
located on the drive shaft and a plurality of said stator components mounted

on the housing and located between the rotor components.

A turbomolecular pumping mechanism may be provided upstream from the

pumping mechanism.

Preferred features of the present invention will now be described, by way of
example only, with reference to the accompanying drawings, in which:

Figure 1 is a cross-sectional view of part of a vacuum pump;

Figure 2 is a close-up of part of Figure 1; and
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Figure 3 is a perspective view of a section of the resilient support taken

through line X-X in Figure 2.

With reference first to Figure 1, a vacuum pump 10 comprises a housing 12
and a drive shaft 14 supported by a bearing arrangement for rotation relative
to the housing12 about longitudinal axis 16. A motor 18 is located in the
housing 12 for rotating the drive shaft 14. The vacuum pump 10 also
comprises at least pumping mechanism 20, which in this exampie is provided
by a Siegbahn pumping mechanism, although the pumping mechanism may
comprise one or more of a Siegbahn pumping mechanism, a Gaede pumping
mechanism and a regenerative pumping mechanism. A turbomolecular
pumping mechanism (not shown) may be provided upstream from the

pumping mechanism 20.

The Siegbahn pumping mechanism illustrated in Figure 1 comprises an
impeller 22 mounted on the drive shaft 14 for rotation therewith. The impeller
22 comprises a plurality of rotor components 24, 26, 28 of the Siegbahn
pumping mechanism, which are in the form of planar, disk-like members
extending outwardly from the drive shaft 12, substantially orthogonal to the
axis 16. A plurality of stator components of the Siegbahn pumping
mechanism are mounted on the housing 12 and located proximate to and
between the rotor components. In this example, the Siegbahn pumping
mechanism comprises three rotor components 24, 26, 28 and two stator
components 30, 32, although any number of rotor components and stator
components may be provided as necessary in order to meet the required
pumping performance of the vacuum pump.

Each stator component 30, 32 is in the form of an annular stator component,
and comprises a plurality of walis that extend towards an adjacent rotor
component. For example, with reference to stator component 30, the stator
component 30 comprises a plurality of walls 34, 36 located on each respective
side thereof. The walls 34 extend towards rotor component 24, and define a
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plurality of spiral flow channels on one side of the stator component. The
walls 36 extend towards rotor component 26, and define a plurality of spiral
flow channels on the other side of the stator component. Stator component
32 is configured in a similar manner to stator component 30. The height of
the walls of the stator components 30, 32 decreases axially along the
Siegbahn pumping mechanism so that the volumes of the flow channels
gradually decrease towards the outlet 40 of the vacuum pump 10 to compress
gas passing through the pumping mechanism 20. The end of each wall is
spaced from the apposing surface of the adjacent rotor component by an axial

clearance y, which is indicated in Figure 1.

The shait 14 is supported by a bearing arrangement comprising two bearings
which may be positioned either at respective ends of the shaft or,
alternatively, intermediate the ends. A passive magnetic bearing (not shown)
supports a first, high vacuum portion of the shaft 14. The use of a magnetic
bearing to support the high vacuum portion of the shaft 14 is preferred as it
requires no lubricant, which could otherwise contaminate the pumping
mechanism. As a passive magnetic bearing is axially unstable, and is unable
to provide positive axial location for the shaft 14, a rolling bearing 42 supports
a second, low vacuum portion of the shaft 14 to counteract this axial instability
and to provide positive axial location of the shaft 14.

The rolling bearing 42 is illustrated in more detail in Figure 2, The rolling
bearing 42 is located between the low vacuum portion of the shaft 14 and the
housing 12 of the pump 10. The rolling bearing 42 comprises an inner race
44 fixed relative to the shaft 14, an outer race 48, and a plurality of rolling
elements 48, supported by a cage 50, for allowing relative rotation of the inner
race 44 and the outer race 46. The rolling bearing 42 is lubricated using a
lubricant such as oil to establish a load-carrying film separating the bearing
components in rolling and sliding contact in order to minimize friction and
wear. [n this example, the lubricant supply system comprises a centrifugal
pump including one or more wicks 52 for supplying lubricant from a lubricant
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reservoir of the pump 10 to the tapered surface 54 of a conical nut 56 located
on one end of the shaft 14. With rotation of the shaft 14, the lubricant travels
along the tapered surface 54 into the lower (as iliustrated) end of the bearing
42. Shield elements 58 may be provided to resist seepage of lubricant from
the bearing 42. The shield may be a separate component, heid in place by a
spring clip or other fastener, or may be an integral part of the outer race 46.
Alternatively, the bearing 42 may be lubricated using grease (a mixture of oil
and a thickening agent) so that the pump 10 may be used in any orientation.

In order to provide damping of vibrations of the shaft 14 and bearing 42 during
use of the pump 10, a resilient support 60 is provided between the bearing 42
and the housing 12 for supporting the bearing 42 in both radial and axial
directions relative to the housing 12. As illustrated in Figure 3, the resilient
support 60 comprises a metallic member having integral inner and outer
annular portions 62, 64 connected together by a plurality of integral flexible
members 66 formed by machining slots 68 in the support 60. Each flexible
member 66 is connected by a first resilient hinge 70 to the inner portion 62,
and by a second resilient hinge 72 to the outer portion 64.

Each flexible member 66 is in the form of an elongate, arcuate member
substantially concentric with the inner and outer annular portions 62, 64, and,
as illusirated in Figure 3, the flexible members 66 are preferably
circumferentially aligned. The flexible members 66 of the resilient support 60
thus provide integral leaf springs of the resilient support 60.

The inner portion 62 of the resilient support 60 has an inner, axially extending
cylindrical surface 74 engaging the outer surface of the outer race 46 of the
rolling bearing 42. As illustrated in Figure 2, the inner portion 62 also has a
radially inward extending axial support portion 76 located towards the upper
(as illustrated) end surface 78 thereof for engaging the upper surface of the
outer race 46 of the rolling bearing 42 to axially support the bearing 42 so that
there is a fixed relation between the inner race 44 of the bearing 42 and the
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outer portion 64 of the resilient support 60. The axial support portion 76 has
a thickness tin the axial direction, that is, in a direction paraliel to longitudinal
axis 16 of the shaft 14. An elastomeric damping ring 80 is located in an
annular groove 82 formed in the end surface 78 of the resilient support 60.
The damping ring 80 is designed to have a relatively loose radial fit within the

grooves 82.

The end surface 78 engages a radially extending surface of the housing 12,
whilst the outer, axially extending cylindrical surface 84 of the outer portion 64
of the resilient support 60 engages an axially extending surtace of the housing
12. A bearing nut 90 is attached to the housing 12 by means of mutualiy-
engaging screw threads such that an upper (as illustrated) end surface of the
bearing nut 90 engages the lower end surface 92 of the resilient support 60 to
retain the resilient support 60 relative to the housing 12, and to preferably
axially pre-load the resilient support 60. As illustrated in Figure 2, the bearing
nut 80 has an inner axially extending surface 94 which provides a radial end
stop surface for limiting radial movement of the shaft 14 and bearing 42. The
bearing nut 90 also has a radially inward extending portion 96 having an
upper (as lilustrated) surface 98 to provide an axial end stop surface for
limiting axial movement of the shaft 14 and bearing 42 in the downward (as
iliustrated) direction. The housing 12 provides an opposing axial end stop
surface for limiting axial movement of the shaft 14 and bearing 42 in the

upward (as illustrated) direction.

The resilient support 60 is formed from metallic material such as aluminium or
an alloy thereof, tempered steel, beryllium copper, phosphor bronze, titanium
or an alloy thereof, ar other metallic alloy. The stiffness of the resilient
support 60 is determined by the geometry of the slots 68, and thus the
geometry of the flexible members 66, and can be accurately estimated using
finite element analysis. We have found that the resilient support 60 can be
readily designed to have a relatively low radial stiffness, for example in the
range from 50 to 500 N/mm, and preferably around 200 N/mm, for inhibiting
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the transmission of vibrations from the shaft 14 to the housing 12. In the
event that there are relatively large radial displacements of the rotor 14 and
bearing 42 during use of the pump 10, for example, due to a relatively high
imbalance or when running at or around critical speeds, the damping ring 80
is radially compressed, resuliing in radial damping of the vibrations. When the
vibrations are relatively small, little radial damping is produced by the damping
ring 80, and so there is little transmission of the vibrations to the housing 12.

The resilient support 60 may also have a relatively high axial stiffness, for
example in the range from 500 to 10,000 N/mm, preferably in the range from
500 to 1000 N/mm and more preferably in the range from 600 to 800 N/mm,
so that there is minimal axial movement of the shaft 14 during operation of the
pump 10. In this example, the thickness f of the axial support portion 76 of
the resilient support 60 determines the spatial relationship between the inner
race of the bearing 42 and the outer portion of the resilient support, which in
turn determines the axial clearance y between the rotor and stator
components of the pumping mechanism 20. Due to the high axial stiffness of
the resilient support 60, this axial clearance may be maintained at a
substantiaily constant value during the use of the pump 10, thereby enabling a
tight axial clearance to be maintained during use of the pump 10.
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A vacuum pump (10) comprising a housing {12), a
drive shaft (14) supported by a bearing arrangement
{42) for rotation relative to the housing, and a pump-
ing mechanism (20) comprising a stator component
(30) mounted on the housing and a rotor component
(24) mounted on the drive shaft axially proximate the
stator component, the bearing arrangement com-
prising a bearing supported in both radial and axial
directions by a metallic resilient support (60), com-
prising inner {62) and outer (64) annular portions
connected by a plurality of flexible members (66), so
that there is a fixed relation between the inner race
(44) of the bearing and the outer portion (64) of the
resilient support to determine the axial clearance be-
tween the rotor and stator components of the pump-
ing mechanism, characterised in that the flexible
members are elongate, arcuate members substan-
tially concentric with the innerand outer annular por-
tions (62, 64).

A vacuum pump according to Claim 1, wherein the
flexible members have a radial stiffness in the range
of 50 {o 500 N/mm.

A vacuum pump according to Claim 1, wherein the
flexible members are circumferentially aligned.

A vacuum pump according {o any preceding claim,
wherein the flexible members provide a plurality of
integral leaf springs of the resilient support.

A vacuum pump according fo any preceding claim,
wherein the flexible members are axially displaced
to axially preload the bearing.
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A vacuum pump according to any preceding claim,
wherein the metallic material comprises one of tem-
pered steel, aluminium, titanium, phosphor bronze,
peryllium copper, an alloy of aluminium and an alloy
of titanium.

A vacuum pump according to any preceding claim,
wherein the resilient support has an axial stiffness
either in the range from 500 to 10,000 N/mm, or in
the range from 500 to 1000 N/mm, or in the range
from 50 to 500 N/mm,

A vacuum pump according to any preceding claim,
wherein an elastomeric damping member (80) is
mounted on the resilient support.

A vacuum pump according toe Claim 8, wherein the
damping memberis located within an annular groove
(82) formed in an end surface (78} of the resilient

support.

A vacuum pump according to any preceding claim,
wherein one of the rotor and the stator components
comprises a plurality of walls having side surfaces
extending towards the other of the rotor and the sta-
tor components and defining a plurality of spiral
channels.

A vacuum pump according to any preceding claim,
wherein the pumping mechanism is a Siegbahn
pumping mechanism.
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12. A vacuum pump according to any of Claims 1 to 9,

13.

14.

wherein the pumping mechanism is either a Gaede
pumping mechanism, or a regenerative pumping
mechanism.

A vacuum pump according to any preceding claim,
wherein the pumping mechanism comprises a plu-
rality of said rotor components located on the drive
shaft and a plurality of said stator components
mounted on the housing and located between the
rotor components.

A vacuum pump according to any preceding claim,
comprising a turbomolecular pumping mechanism
upstream from the pumping mechanism.



