
VACUUM PUMP The invention relates to an insert for a
pump, to a vacuum pump including such an insert, and
to a method of assembling a pump insert. Vacuum pumps
typically comprise a body and a rotor supported for
rotation relative to the body to draw gas from a tool
connected to the inlet of the pump. The rotor is
supported by a bearing arrangement comprising two
bearings located at or intermediate respective ends of
the rotor. Usually, the upper bearing is in the form
of a magnetic bearing, and the lower bearing is in the
form of a rolling bearing. As illustrated in Figure 1,
a typical rolling bearing 10 comprises an inner race
12 extending about the rotor 14, an outer race 16, and
a plurality of rolling elements 18, supported by a
cage 20, for allowing relative rotation of the inner
race 12 and the outer race 16. The rolling bearing 10
is lubricated to establish a load-carrying film
separating the bearing components in rolling and
sliding contact in order to minimize friction and
wear, and shield elements 22 are provided to resist
seepage of lubricant from the rolling bearing 10. A
radial damping ring 24 is positioned radially between
a radial end surface of the outer race 16 and the body
26 of the pump for damping radial movement of the
outer race 16. An axial damping ring 28 is provided
between an axial end surface of the outer race 16 and
the body 26 for damping axial movement of the outer
race 16. The rolling bearing 10 is secured to the
rotor 14 by a threaded nut 30 which is screwed on to
the end of the rotor 14 so that the upper (as
illustrated) axial end surface 32 of the inner race 12
engages an abutment surface 34 of the rotor 14. 



The upper magnetic bearing (not shown) typically
comprises a stack of magnetic bearing rotor rings
mounted on the rotor 14, and a stack of magnetic
bearing stator rings, concentric with and located
inside the rotor rings, mounted on an axially
adjustable mounting which is accessed through theinlet
of the pump. The axial position of the mounting is
adjusted so that the stacks of rings are axially
offset. Due to the forces of repulsion between the
rings, the rotor 14 is biased in the axial direction
so that an axial preload is applied to the rotor 14.
The rolling bearing 10 and the damping rings 24, 28
are usually replaced when the pump is serviced. As
there is a tolerance stack-up between the upper (as
illustrated) axial end surface of the inner race 12 of
the bearing and the upper axial end surface 36 of the
axial damping ring 28, this can result in the rotor 14
being in a different axial position following the
replacement of these components. A change in this
position of the rotor 14 will change the axial preload
applied to the rotor 14 by the magnetic bearing; if
this preload is too high the rolling bearing 10 may be
subject to excessive wear, whilst if this preload is
too low components of the rotor 14 may clash with
components of the pump body 26 during use of the pump.
Consequently, once the rolling bearing 10 has been
replaced, the pump has to be disconnected from the
tool so that the mounting for the magnetic bearing
stator rings can be adjusted to ensure that the axial
preload is at the required value. This can
considerably increase the time required to service the
pump. The present invention provides a vacuum pump
comprising a body and a rotor supported for rotation
relative to the body by an insert inserted around the
rotor, the insert comprising a metallic, annular
resilient support comprising 



inner and outer annular portions connected by a
plurality of flexible members, the resilient support
extending about a rolling bearing having an inner
race, an axially preloaded outer race fixed to the
inner annular portion of the resilient support, and a
plurality of rolling elements located between the
races. During assembly, the rolling bearing can be
accurately positioned within the support so that there
is a very low tolerance stack-up when the insert is
fitted to the rotor. Consequently, a set of inserts
can be assembled with the rolling bearing being
located in the same position relative to the support
throughoutthe set of inserts. As a result, the
position of the rotor will not change when the rolling
bearing is replaced during servicing of the pump, and
so there is no change in the axial preload of the
rotor, and so no requirement to disconnect the pump
from a tool during servicing. By axially preloading
the outer race of the bearing, any internal clearance
in the bearing is removed, thereby eliminating radial
and axial play, and increasing system rigidity. The
invention extends to the insert per se, and therefore
also provides an insert for insertion around a rotor
of a pump, the insert comprising a metallic, annular
resilient support comprising inner and outer annular
portions connected by a plurality of flexible members,
the resilient support extending about a rolling
bearing having an inner race, an axially preloaded
outer race fixed to the inner annular portion of the
resilient support, and a plurality of rolling elements
located between the races. An axial end surface of the
inner race is preferably axially displaced relative to
an axial end surface of the resilient support. The end
surface of the inner race is preferably axially
displaced relative to the end surface of the resilient
support by a distance in the range from 1 to 3 mm, and
in the preferred 



embodiment is axially displaced by 1.8 mm. The outer
surface of the outer race is preferably attached to an
inner surface of the inner annular portion of the
support. Each of the flexible members is preferably 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 driveshaft.
Low radial stiffness in the range from 50 to 500 N/mm
may be achieved to meet the required rotor dynamics of
the 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 shaft 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 resilient support is preferably formed from
metallic material such as tempered steel, aluminium,
titanium, phosphor bronze, beryllium 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 support is preferably
adhered to the outer race using an adhesive. 



The present invention also provides a method of
assembling a pump insert, the method comprising the
steps of locating an annular resilient support about a
rolling bearing having an inner race, an outer race
and a plurality of rolling elements located between
the races, positioning the bearing at a desired
location within the support relative to an axial end
surface of the support, and at this location, fixing
the support to the outer race of the bearing whilst
applying a preload to the outer race of the bearing.
As discussed above, at the desired location an axial
end surface of the inner race is preferably axially
displaced relative to the axial end surface of the
resilient support. A spacer may be used to position
the bearing at the desired location so that the end
surface of the inner race is axially displaced
relative to the end surface of the resilient support
by a desired amount. For example, the spacer may have
a support engaging portion for engaging the end
surface of the support, and a bearing engaging portion
which protrudes into the boreof the support by the
desired amount when the end surface of the support is
engaged by the support engaging portion of the spacer.
The bearing can be readily positioned within the
support so that the end surface of the inner race
engages the bearing engaging portion of the spacer,
thus enabling the bearing to be accurately positioned
at the desired location within the support. A
resilient member, for example a spring, can be
provided between the spacer and the outer race for
applying the axial load to the bearing when it is
positioned at the desired location. The present
invention further provides a method of assembling a
vacuum pump comprising a body and a rotor supported
for rotation relative to the body, the method
comprising the steps of sliding an insert as
aforementioned 



over the rotor until an axial end surface of the
support engages the body and an axial end surface of
the inner race of the bearing engages the rotor, and
securing the insert to the rotor. 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 illustrates a
cross-sectional view of a known rolling bearing
supporting the rotor of a pump; Figure 2 illustrates a
cross-sectional view of a pump insert including a
rolling bearing; Figure 3 illustrates a perspective
view of the resilient support of the insert of Figure
2; Figure 4 illustrates a method of assembling the
insert of Figure 2; and Figure 5 illustrates a
cross-sectional view of the insert of Figure 2
supporting the rotor of a pump.Figure 2 illustrates a
cross-sectional view of the pump insert 50, which
forms part of a bearing arrangement of a pump. The
insert 50 comprises a known rolling bearing 10 as
described above with reference to Figure 1, and which
comprises an inner race 12, an outer race 16, and a
plurality of rolling elements 18, supported by a cage
20, for allowing relative rotation of the inner race
12 and the outer race 16. The rolling bearing 10 is
lubricated to establish a load-carrying film
separating the bearing components in rolling and
sliding contact in order to minimize friction and
wear, and shield elements 22 are provided to resist
seepage of lubricant from the rolling bearing 10. The
rolling bearing 10 is located within an annular
resilient support 52, which is illustrated in more
detail in Figure 3. The resilient support 52 comprises
a 



metallic member having integral inner and outer
annular portions 54, 56 connected together by a
plurality of integral flexible members 58 formed by
machining slots 60 in the support 52. Each flexible
member 58 is connected by a first resilient hinge 62
to the inner portion 54, and by a second resilient
hinge 64 to the outer portion 56. Each flexible member
58 is in the form of an elongate, arcuate member
substantially concentric with the inner and outer
annular portions 54, 56, and, as illustrated in Figure
3 , the flexible members 58 are preferably
circumferentially aligned. The flexible members 58 of
the resilient support 52 thus provide integral leaf
springs of the resilient support 52. Returning to
Figure 2 , the outer radial surface 38 of the outer
race 16 of the bearing 10 is fixed to the inner,
axially extending cylindrical surface 66 of inner
portion 54 of the support 52, preferably using an
adhesive. The bearing 10 is preferably positioned
within the support 52 at a location at which the axial
end surface 32 of the inner race 12 of the bearing 10
is axially displaced from the axial end surface 68 by
a desired amount y, which is preferably in the range
from 1 to 3 mm, and which in a preferred embodiment is
1.8 mm.Figure 4 illustrates a method of assembling the
insert 50. A spacer 80 is used to position the bearing
10 at the desired location within the support 52. The
spacer 80 has a support engaging portion 82 for
engaging the axial end surface 68 of the support 52,
and a bearing engaging portion 84 for engaging the
axial end surface 32 of the inner race 12 of the
bearing 10. The support engaging portion 82 has an
annular, planar surface 86 which is located on the
axial end surface 68 of the support 52 so that the
bearing engaging portion 84 of the spacer 80 protrudes
into the bore 70 of the support 52 by the desired 



amount y. The bearing 10 is inserted into the bore 70
of the support 52, and is pushed towards the spacer 80
until the axial end surface 32 of the inner race 12
engages the axial end surface 88 of the bearing
engaging portion 84 of the spacer 80. The bearing 10
is then fixed to the support 52, preferably using an
adhesive to adhere the outer radial surface 38 of the
outer race 16 of the bearing 10 to the inner
cylindrical surface 66 of inner portion 54 of the
support 52. As also illustrated in Figure 4, a
resilient member 90, preferably a tension spring, is
located between the spacer 80 and the bearing 10. The
resilient member 90 preferably has one end connected
to the annular surface 86 of the spacer 80 to retain
the resilient member in position. As the bearing 10 is
moved towards the spacer 80, the resilient member 90
is compressed between the spacer 80 and the outer race
16 of the bearing 10 to exert an axial load on the
outer race 16. When the bearing 10 is positioned at
the desired location, this resilient member 90 applies
a known axial load to the outer race 16, so that in
the assembled insert 50 the outer race 16 is axially
preloaded. A set of inserts 50 can thus be assembled,
sequentially, using the spacer 80 so that, within the
set, each rolling bearing 10 is located at the same
position relative to its support 52, and each rolling
bearing 10 has the same axial preload.Figure 5
illustrates the insert 50 in situ about the rotor 14
of a vacuum pump. During assembly of the pump, and
with the rotor 14 restrained to inhibit its rotation,
the insert 50 is located over the end 15 of the rotor
14, and is slid along the rotor 14 until the axial end
surface 68 of the support 52 engages the 



pump body 26 and the axial end surface 32 of the inner
race 12 of the bearing 10 engages the abutment surface
34 of the rotor 14. The oil nut 30 is then screwed on
to the end of the rotor 14 to secure the inner race 12
of the bearing 10 to the rotor 14. If the pump also
has a magnetic bearing forming part of its bearing
arrangement for supporting the rotor, the mounting for
the magnetic stator rings of the magnetic bearing is
adjusted to exert a desired axial preload on the rotor
14. During servicing of the pump when it is in situ
for evacuating a tool, the rotor 14 is again
restrained to prevent its rotation, the oil nut is
unscrewed from the rotor 14 and the insert 50 is
removed from the pump. A fresh insert 50 is then
inserted on to the rotor 14 and slid in position, and
the oil nut 30 is screwed back on to the rotor to
retain the insert 50 in position. As there is a very
low tolerance stack-up between the axial end surface
68 of the support 52 and the axial end surface 32 of
the inner race 12 of the bearing 10, the axial
position of the rotor 14 will hardly change, if at
all, as a result of changing the insert 50.
Consequently, there is no need to disconnect the pump
from the tool to adjust the axial preload on the rotor
14.CLAIMS 1. A method of assembling a pump insert, the
method comprising the steps of: locating an annular
resilient support about a rolling bearing having an
inner race, an outer race and a plurality of rolling
elements located between the races; positioning the
bearing at a desired location within the support
relative to an axial end surface of the support; and 



at this location, fixing the support to the outer race
of the bearing whilst applying a preload to the outer
race of the bearing. 2 . A method according to Claim
1, wherein, at the desired location, an axial end
surface of the inner race is axially displaced
relative to the axial end surface of the resilient
support. 3 . A method according to Claim 2, wherein a
spacer is used to position the bearing at the desired
location so that the end surface of the inner race is
axially displaced relative to the end surface of the
resilient support by a desired amount. 4 . A method
according to Claim 3 , wherein the spacer has a
support engaging portion for engaging the end surface
of the support, and a bearing engaging portion which
protrudes into the bore of the support by the desired
amount when the end surface of the support is engaged
by the support engaging portion of the spacer, and
wherein the bearing is positioned within the support
so that the end surface of the inner race engages the
bearing engaging portion of the spacer.5 . A method
according to Claim 4, wherein a resilient member is
provided between the spacer and the outer race for
applying the axial load to the bearing when it is
positioned at the desired location. 6. A method
according to any preceding claim, wherein the support
is adhered to the outer race using an adhesive. 7 . A
method according to any preceding claim, wherein the
resilient support comprises inner and outer annular
portions connected by a plurality of flexible members,
and wherein the outer surface of the outer race is
fixed to an inner surface of the inner annular portion
of the 



support. 8 . An insert for insertion around a rotor of
a pump, the insert comprising a metallic, annular
resilient support comprising inner and outer annular
portions connected by a plurality of flexible members,
the resilient support extending about a rolling
bearing having an inner race, an axially preloaded
outer race fixed to the inner annular portion of the
resilient support, and a plurality of rolling elements
located between the races. 9. An insert according to
Claim 8 , wherein an axial end surface of the inner
race is axially displaced relative to an axial end
surface of the resilient support. 10. An insert
according to Claim 8 or Claim 9 , wherein the end
surface of the inner race is axially displaced
relative to the end surface of the resilient support
by a distance in the range from 1 to 3 mm. 11. An
insert according to any of Claims 8 to 10, wherein the
outer surface of the outer race is attached to an
inner surface of the inner annular portion of the
resilient support.12 . An insert according to any of
Claims 8 to 11, wherein each of the flexible members
is an elongate, arcuate member substantially
concentric with the inner and outer annular portions.
13. An insert according to Claim 12, wherein the
flexible members are circumferentially aligned. 14. An
insert according to any of Claims 8 to 13, wherein the
flexible members provide a plurality of integral leaf
springs of the resilient support. 



15. An insert according to any of Claims 8 to 14,
wherein the metallic material comprises one of
tempered steel, aluminium, titanium, phosphor bronze,
beryllium copper, an alloy of aluminium and an alloy
of titanium. 16. An insert according to any of Claims
8 to 15, wherein the resilient support is adhered to
the outer race using an adhesive. 17. A vacuum pump
comprising a body and a rotor supported for rotation
relative to the body by a bearing arrangement
comprising an insert according to any of Claims 8 to
16. 18. A vacuum pump comprising a body and a rotor
supported for rotation relative to the body by an
insert inserted around the rotor, the insert
comprising a metallic, annular resilient support
comprising inner and outer annular portions connected
by a plurality of flexible members, the resilient
support extending about a rolling bearing having an
inner race, an axially preloaded outer race fixed to
the inner annular portion of the resilient support,
and a plurality of rolling elements located between
the races.19. A method of assembling a vacuum pump
comprising a body and a rotor supported for rotation
relative to the body, the method comprising the steps
of sliding an insert according to any of Claims 8 to
16 over the rotor until an axial end surface of the
support engages the body and an axial end surface of
the inner race of the bearing engages the rotor, and
securing the insert to the rotor. 


