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(57) Abstract: The present mvention relates to a pump (10) comprising a shaft (15) supported for rotation by a bearing (38) car-

ried by a bearing carrier (48), said bearing carrier having a generally outer radial portion (52) which is fixed relative to a pump
housing (12) and a generally mner radial portion (54) which i1s fixed relative to the bearing, wherein the carrier 1s stiff in a radial

direction between said inner and outer portions and flexible in an axial direction for restraining radial movement of the bearing
and allowing axial movement.
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PUMP

The invention relates a pump and particularly, but not exclusively, a scroll
pump and the bearing carrier thercof. The 1nvention might also find other
applications, such as electric motors for example.

A scroll pump comprises a fixed scroll and an orbiting scroll. The orbiting
scroll 1s driven by an eccentric shaft portion of a drive shaft to orbit relative to the
fixed scroll. The drive shaft 1s rotated by a motor. Rotation of the drive shaft, imparts
an orbiting motion to the orbiting scroll relative to the fixed scroll to pump fluid from
an inlet to an outlet of the scroll arrangement.

Part of a prior art scroll pump 1s shown in more detail 1n Figure 6. The fixed
scroll 18 not shown for simplicity. The pump comprises a drive shaft 102 having a
concentric shaft portion 104 and an eccentric shaft portion 106. The shaft 1s driven by
a motor 108 having a first part 110 fixed relative to the pump housing 112 and a
second part 114 fixed relative to the concentric shaft portion.

The concentric shaft portion 104 1s supported for rotation by a first bearing
116 and a second bearing 118. The second bearing 118 supports the orbiting scroll
120 relative to the eccentric shaft portion to allow relative angular movement so that
on rotation of the shaft orbiting motion 1s imparted to the orbiting scroll.

The first bearmmg 116 has an inner race 122 fixed relative to the shaft 102 and
an outer race 124 which 1s located against a bearing carrier 126. The bearing carrier
may form part of the housing or 1s fixed relative to the housing. A number of balls

128 allow rotation of the shaft relative to the bearing carrier.
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A fastening member 130 fastens the inner race 122 1n position against a
radially extending shoulder of the concentric shaft portion so that the mner race 1s
fixed relative to the drive shaft in both the radial and axial directions. The outer race
1s able to slide 1n the axial direction relative to the bearing carrier 126 to allow
expansion and contraction of the shaft i the axial direction, for example due to heat.
This sliding motion also enables the mechanism to accommodate variation 1n axial
part dimensions that result from the part tolerances. A spring member 132 1s located
between a radially inwardly directed lip 134 of the bearing carrier and the outer race,
and biases the outer race and the shaft in the axial direction (towards the right in
Figure 6). The force generated by this preloaded system 1s shown by lines 136 and
provides a resistance to axial movement of the shaft to reduce the amount of back and
forwards movement. Similar but complementary forces are generated 1n the second
bearing 118. The bearing carrier 126 1s a fixed member and therefore prevents radial
movement. Axial and radial movement of the shaft should be restricted because the
axial and radial clearances between the orbiting scroll 120 and a fixed scroll are
required to be small for efficient pumping, particularly if the scroll arrangement 1s not
[ubricated.

However, axial and radial loading on the first bearing 116 and bearing carrier
126 causes damage typically by fretting, requiring bearing replacement at regular
intervals, which increases the cost of ownership.

The present invention provides an improved bearing assembly for a pump.

The present invention provides a pump comprising a shaft supported for
rotation by a bearing carried by a bearing carrier, said bearing carrier having a

generally outer radial portion which 1s fixed relative to a pump housing and a
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ogenerally inner radial portion which 1s fixed relative to the bearing, wherein the
carrier 1s stiff 1in a radial direction between said inner and outer portions and flexible
in an axial direction for restraining radial movement of the bearing and allowing axial
movement.

In order that the mvention may be well understood, some embodiments
thercof, which are given by way of example only, will now be described with
reference to the drawings i which:

Figure 1 18 a schematic representation of a scroll pump;

Figure 2 shows in more detail part of the scroll pump of Figure 1;

Figure 3 shows a bearing carrier of the Figure 1 scroll pump;

Figure 4 shows an alternative bearing carrier;

Figure 5 shows part of another scroll pump; and

Figure 6 shows part of a prior art scroll pump.

A scroll compressor, or pump, 10 1s shown in Figure 1. The pump 10
comprises a pump housing 12 and a drive shaft 14 having a concentric shaft portion
15 and an eccentric shaft portion 16. The shaft 14 1s driven by a motor 18 and the
eccentric shaft portion 1s connected to an orbiting scroll 20 so that during use rotation
of the shaft imparts an orbiting motion to the orbiting scroll relative to a fixed scroll
22 for pumping fluid along a fluid flow path between a pump inlet 24 and pump outlet
26 of the compressor.

The fixed scroll 22 comprises a scroll wall 28 which extends perpendicularly
to a generally circular base plate 30 and has an axial end face, or surface, 29. The
orbiting scroll 20 comprises a scroll wall 34 which extends perpendicularly to a

oenerally circular base plate 36 and has an axial end face, or surface, 35. The orbiting
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scroll wall 34 co-operates, or meshes, with the fixed scroll wall 28 during orbiting
movement of the orbiting scroll. Relative orbital movement of the scrolls causes a
volume of gas to be trapped between the scrolls and pumped from the inlet to the
outlet.

A scroll pump may be a dry pump and not lubricated. Particularly when not
lubricated, in order to prevent back leakage, the axial and radial clearances between
the scrolls must be accurately maintained. The space between the axial ends 29, 35 of
a scroll wall of one scroll and the base plate 30, 36 of the other scroll 1s sealed by a
sealing arrangement, which generally comprises tip seals.

The pump increases m temperature during use, however, not all components
within the pump increase at the same rate, and also due to different coefficients of
thermal expansion, the shaft 14 responds to changes 1n temperature to a greater extent
than the pump housing 12. Accordingly, first and second bearings 38, 40 of the
concentric shaft portion must accommodate expansion and contraction of the shaft,
without affecting the axial and radial clearances between the orbiting and fixed
scrolls. Further, first and second bearings 38, 40 preferably accommodate shafts of
different lengths within a range of lengths produced within manufacturing tolerances.

The bearmg arrangement will be described in more detail with reference to
Figures 2 and 3. The fixed scroll 22 1s not shown 1n Figure 2 for simplicity.

As shown in Figure 2, the drive shaft 14 has a concentric shaft portion 15 and
an eccentric shaft portion 13. The shaft 1s driven by a motor 16 having a first part 17
fixed relative to the pump housing 12 and a second part 19 fixed relative to the
concentric shaft portion 15. The second part 19 1s free to move to a certain extent in

the axial direction relative to first part 17.
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The concentric shaft portion 15 1s supported for rotation by first bearing 38
and second bearing 40. The third bearing 42 supports the orbiting scroll 20 relative to
the eccentric shaft portion to allow relative angular movement so that on rotation of
the shaft orbiting motion 1s imparted to the orbiting scroll.

The first bearing 38 has an mner race 44 fixed relative to the shaft 14 and an
outer race 46 which 1s fixed to a bearing carrier 48. A number of balls 50 allow
rotation of the shaft 14 relative to the bearing carrier 48. The bearing carrier 48 has a
radial outer portion 52 which 1s fixed relative to the housing 12 and a radial inner
portion 54 which 1s fixed to the outer race 46 of the first bearing 38. The radial inner
portion 1n this example comprises an annular seat 56 having a radially extending lip
58 for fixing to the outer race 46 so that the outer race 1s carried by the radial inner
portion 54. The mner race 44 1s fixed to the shaft between a fastening member 60 and
a shoulder of the shatft.

The bearing carrier 48, which 1s shown 1n more detail in Figure 3, 18
configured to restrain radial movement of the bearing 38 but allow axial movement.
The bearing carrier has 1n this example a middle portion comprising three generally
flexible support portions 62 located between openings 64 through the carrier which
allow the carrier to flex along axis A of shaft portion 15. The support portions are
however stiff i the radial direction to restrain radial movement of the shaft which
would otherwise cause misalignment of the orbiting and fixed scrolls. As the mner
portion 54 of the carrier 1s fixed relative to the outer race 46 of the bearing 38 (not
shown 1n Figure 3), the bearing 1s not required to slide relative to the carrier as 1s the
casc with the prior art arrangement shown 1n Figure 5, and therefore the bearing 38

suffers from less damage and requires replacement at longer intervals.
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An alternative bearing carrier 78 1s shown 1n Figure 4. In this arrangement,
the middle portion forms a spoke structure comprising a multiplicity of flexible
support portions 80 cach located between adjacent openings 82 through the carrier
which allow the carrier to flex along axis A of shaft portion 15. The support portions
arc however stiff in the radial direction to restrain radial movement of the shaft which
would otherwise cause misalignment of the orbiting and fixed scrolls. The provision
of a large number of support portions (16 as shown) distributes the radial loading on
the bearmg carrier about 1ts circumference.

In the Figure 2 arrangement, the bearing carrier 1s internally biased to act on
the bearing 38 1n the direction indicated by lines 66 thereby resisting against axial
movement of the bearing 38 1n axial direction A1l. In this way, thermal expansion of
the shaft 1s permitted but forces indicated by lines 68 are maintained at the second
bearing 40 so that axial spacing between the orbiting scroll and fixed scroll 1s kept
generally constant. The bearing carrier 48 may be manufactured for example from
alummium or steel but not limited to these materials and pre-loaded so that when
fitted 1n place exerts the required force on bearing 38.

In another arrangement shown 1n Figure 5, a bearing carrier 70 18 externally
biased to keep axial spacing between the scrolls generally constant. In this regard, a
biasing means, which may be a Belleville spring 72 as shown or other suitable spring,
1s located between an inner portion 74 of the bearing carrier and a fixed housing
portion 76 for pre-loading the bearing carrier 70. The axial stiffness of the bearing
carrier 1S substantially less than the biasing means and delivers a very small pre-load

or no pre-load.
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It will be understood that the bearing carrier arrangement as described herein
may also find use in other devices, comprising shafts supported for rotation by
bearing arrangements, with similar axial and radial movement requirements to those

of vacuum pumps.
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CLAIMS

1. A scroll pump comprising a shaft supported for rotation by a bearing carried by
a bearing carrier, said bearing carrier having a generally outer radial portion
which is fixed relative to a pump housing and a generally inner radial portion
which 1s fixed relative to the bearing, wherein the carrier is stiff in a radial
direction between said inner and outer portions to restrain radial movement ot
the bearing to maintain radial alignment between an orbiting scroll and a fixed
scroll of the scroll pump and flexible in an axial direction for restraining radial

movement of the bearing and allowing axial movement of the bearing.

2. A scroll pump as claimed in claim 1, wherein the bearing carrier s pre-loaded to
apply an axial force on said bearing in a first axial direction for resisting axial

movement of the bearing in a second axial direction.

3. A scroll pump as claimed in claim 2, wherein the bearing carrier is internally biased

to provide said pre-loaded axial force.

4. A scroll pump as claimed in claim 2, comprising a spring located between the
housing and one of the inner portion of the bearing carrier or the bearing for

providing said pre-loaded axial force.

5. A scroll pump as claimed in any one of claims 1 to 4, wherein the bearing carrier
has a middle portion between the inner and outer radial portions which is stiff in the

radial direction and flexible in the axial direction.

6. A scroll pump as claimed in claim 5, wherein the middle portion comprises a
plurality of generally radially extending support portions spaced apart by

openings through the bearing carrier.
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