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VACUUM PUMP LUBRICANT SUPPLY SYSTEMS

Field of the Invention

The invention relates to vacuum pump lubricant supply systems.

Background to the Invention

Vacuum pumps typically comprise an impeller in the form of a rotor mounted on a
rotor shaft for rotation relative to a surrounding stator. The rotor shaft is supported by
a bearing arrangement that may comprise two bearings located at or intermediate
respective ends of the shaft. One or both of these bearings may be a rolling bearing.
Usually, the upper bearing is in the form of a magnetic bearing and the lower bearing

is in the form of a rolling bearing.

A typical rolling bearing comprises an inner race fixed relative to the rotor shaft, an
outer race and a plurality of rolling elements located between the races for allowing
relative rotation of the inner race and the outer race. To prevent mutual contact
between the rolling elements, they are often guided and evenly spaced by a cage.
Adequate lubrication is essential to ensure accurate and reliable operation of rolling
bearings. The main purposc of the lubricant is to establish a load-carrying film
separating the bearing components in rolling and sliding contact in order to minimise
friction and wear. Other purposes include the prevention of oxidation or corrosion of
the bearing components, the formation of a barrier to contaminants and the transfer of
heat away from the bearing components. The lubricant is generally in the form of

either oil or grease (a mixture of oil and a thickening agent).

Vacuum pumps using oil-lubricated bearings require an oil feeding system for feeding
o1l between the contact areas of the bearing, which enables the oil to perform cooling
as well as lubrication and thereby permit the bearings to run at a faster speed. Turbo-
molecular pumps have traditionally used a wicking system for supplying oil to a
rolling bearing. In such a system, a felt wick partially submerged in an oil reservoir

feeds oil to a conical "oil feed” nut mounted on the shaft. When the shaft rotates, oil
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travels along the conical surface of the nut to the bearing. The oil then passes through

the bearing and is returned to the reservoir.

The feed rate of oil to the bearing may be affected by a number of factors, including
the taper angle of the conical nut, the rate of transfer of oil from the wick to the nut,
the surface finish of the conical surface of the nut, temperature and the speed of
rotation of the shaft. Consequently, the degree of control over the oil feed rate may be

relatively poor.

Summary of the Invention

The invention provides a vacuum pump comprising:

a housing;

a rotor shaft supported by a bearing arrangement for rotation relative to said
housing;

a lubricant supply system; and

a lubricant transfer device provided on said rotor shaft to transfer lubricant
received from said lubricant supply system to a rolling bearing of said bearing
arrangement,

wherein said lubricant supply system comprises a lubricant reservoir and a
wicking element through which lubricant is transferred from said lubricant reservoir
to said lubricant transfer device,

said wicking element comprises a body portion having an inner periphery and
an outer periphery and a finger projecting from said inner periphery to engage said
lubricant transfer device,

said lubricant reservoir has a major surface through which said lubricant is
transferred to said body portion,

the body portion has a major surface facing said major surface of the lubricant
reservoir to receive the lubricant transferred through said major surface of the
lubricant reservoir, and

at least one of said inner periphery and said outer periphery is provided with at

least one cut-out configured such that said major surface of the wicking element has a
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total surface area that is less that the total surface area of said major surface of the

lubricant reservoir.

The invention also includes a vacuum pump lubricant supply system comprising:

a lubricant reservoir; and

a wicking element that comprises a body portion having an inner periphery, an
outer periphery and opposed major surfaces and at least one finger projecting from
said inner periphery,

wherein said lubricant reservoir comprises a lubricant container that has a
major surface engaging one of said opposed major surfaces of said body portion so
that lubricant can migrate through said engaging major surfaces into said body
portion,

said at least one finger projects from said inner periphery to, in use, engage a
lubricant transfer device provided on a rotor shaft of a vacuum pump so that lubricant
can wick from said body portion to said lubricant transfer device via said at least one
finger, and
at least one of said inner periphery and said outer periphery is provided with at least
one cut-out so that said major surface of said body portion that engages said major
surface of said lubricant container has a total surface area that is less than the total

surface area of said major surface of said lubricant container.

The invention also includes a method of manufacturing a vacuum pump lubricant
supply system, said method comprising:

providing a lubricant reservoir;

providing a wicking element with a body portion having an inner periphery, an
outer periphery and opposed major surfaces and a finger projecting from said body
portion through which, in use, lubricant can travel from said body portion to an
element on a vacuum pump rotor shaft engaged by said finger;

disposing a said major surface of said body portion in flow communication
with a facing major surface of said lubricant reservoir so that lubricant can flow from

said lubricant reservoir into said body portion through said major surfaces; and
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providing at least one of said inner periphery and said outer periphery with at
least one cut-out arranged to provide a restricted lubricant flow path from said body
portion into said finger to limit lubricant flow into said finger, whereby said major
surfaces of said body portion each have a total surface area that is less than the total

surface area of said major surface of said lubricant reservoir.

The invention also includes a vacuum pump comprising:

a housing;

a rotor shaft supported by a bearing arrangement for rotation relative to said
housing; and

a lubricant supply system to lubricate a rolling bearing of said bearing
arrangement,

wherein said lubricant supply system comprises a lubricant reservoir and a
wicking element through which lubricant is transferred from said lubricant reservoir
to said rolling bearing via an element provided on said rotor shaft,

said wicking element comprises a body portion to receive lubricant from said
lubricant reservoir and a finger projecting from said body portion to engage said
element provided on the rotor shaft, and

said body portion has an outer periphery that is provided with a cut-out
opposite said finger to define oppositely disposed constricted lubricant flow paths

from said body portion into said finger.

The invention also includes a vacuum pump lubricant supply system comprising:

a lubricant reservoir; and

a wicking element that comprises a body portion and at least one finger,

wherein said lubricant reservoir comprises at least one lubricant container
engaging said body portion so that lubricant can migrate from said lubricant container
into said body portion,

said finger projects from said body portion to, in use, engage an element of a
rotor shaft so that lubricant can wick from said body portion to said element of the

rotor shaft via the at least one finger, and
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said body portion has an outer periphery that is provided with a cut-out
opposite said finger to define oppositely disposed constricted lubricant flow paths

from said body portion into said finger.

The invention also includes a method of manufacturing a vacuum pump lubricant
supply system, said method comprising:

providing a lubricant reservoir;

providing a wicking element in flow communication with said lubricant
container so that lubricant can flow from said lubricant reservoir into a body portion
of said wicking element;

providing said wicking element with a finger through which, in use, said
lubricant can travel from said body portion to a portion of a vacuum pump rotor shaft
engaged by said finger; and

providing an outer periphery of said body portion with cut-out opposite said
finger to define oppositely disposed constricted lubricant flow paths from said body

portion into said finger.

The invention also includes a vacuum pump comprising:

a housing;

a rotor shaft supported by a bearing arrangement for rotation relative to said
housing;

a lubricant supply system; and

a lubricant transfer device provided on said rotor shaft to transfer lubricant
received from said lubricant supply system to a rolling bearing of said bearing
arrangement,

wherein said lubricant supply system comprises a lubricant reservoir
comprising a first reservoir portion and a second reservoir portion and a wicking
element disposed between said first and second reservoir portions,

said first and second reservoir portions have respective major surfaces through
which lubricant is transferred from said lubricant reservoir to said wicking element,

said wicking element has a body portion having respective major surfaces

engaging said major surfaces of the first and second reservoir portions to receive said
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lubricant transferred from said reservoir portions and a finger projecting from said
body portion to engage said lubricant transfer device, and

said body portion has an inner periphery and an outer periphery and at least
one of said inner and outer periphery is provided with a cut-out through which
lubricant can flow from a portion of said major surface of the first reservoir portion to
a facing portion of the major surface of said second reservoir portion without passing

into said body portion.

The invention also includes a vacuum pump lubricant supply system comprising:

a lubricant reservoir; and

a wicking element,

wherein said lubricant reservoir comprises a first lubricant container and a
second lubricant container that have respective major surfaces through which
lubricant is transferred to said wicking element,

said wicking element is disposed intermediate said first and second lubricant
containers and has a body portion having respective major surfaces engaging said
major surfaces of the first and second lubricant containers to receive said lubricant
transferred from said lubricant containers and a lubricant transfer finger projecting
from said body portion, and

said body portion has an inner periphery and an outer periphery and at least
one of said inner and outer periphery is provided with a cut-out through which
lubricant can flow from a portion of said major surface of said first lubricant container
to a facing portion of said major surface of said second lubricant without passing into

said body portion.

Brief Description of the Drawings

In the following disclosure, reference will be made to the drawings, in which:

Figure 1 is a cross-section view of a vacuum pump;

Figure 2 is an enlargement of the lower end portion of the view shown in Figure 1;
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Figure 3 is a perspective view of a resilient support of the vacuum pump of Figure 1;

Figure 4 illustrates in detail the supply of lubricant to a rolling bearing that is shown

in Figure 2;

Figure 5 is a schematic representation corresponding generally to the view shown in

Figure 2 showing a lubricant supply system of a vacuum pump;

Figure 6 is a plan view of a wicking element of the lubricant supply system shown in

Figure 5;

Figure 7 shows an end elevation of the wicking element of Figure 6;

Figure 8 is a plan view of a reservoir portion of the lubricant supply system of Figure

5;

Figure 9 is a plan view of an alternative wicking element; and

Figure 10 is a plan view of yet another alternative wicking element.

Detailed Description

Figure 1 s a cross-scction view of an example of a vacuum pump 50. The vacuum
pump 50 comprises a pumping arrangement driven by a rotor shaft 52. The rotor
shaft 52 is driven by a motor 62. In the illustrated example, the vacuum pump 50 is a
turbomolecular vacoum pump comprising a turbomolecular pumping mechanism 54
and a molecular drag pumping mechanism 56. The turbomolecular pumping
mechanism 54 comprises a plurality of rotor blades 58 mounted on, or integral with,
the rotor shaft 52. The molecular drag pumping mechanism 56 is in the form of a
Holweck pumping mechanism and comprises one or more cylinders 60 mounted on
the rotor shaft 52. The molecular drag pumping mechanism may alternatively

comprise a Sieghahn mechanism comprising rotating discs. There may be additional,
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or alternative, mechanisms such as an aerodynamic pumping mechanism downstream

of the molecular drag pumping mechanism comprising a regenerative mechanism.

The rotor shaft 52 is supported by a bearing arrangement comprising two bearings 64,
66. The bearings 64, 66 may be positioned at respective ends of the shaft 52 as
shown, or alternatively, intermediate the ends. In the example illustrated by Figure 1,
a rolling bearing 64 supports a first end portion of the rotor shaft 52 and a magnetic
bearing 66 supports a second end portion of the rotor shaft 52. A second rolling
bearing may be used as an alternative to the magnetic bearing 66. When a magnetic

bearing is used. a back-up rolling bearing 68 may optionally be provided.

As best seen in Figure 2, the rolling bearing 64 is provided between the first end
portion of the rotor shaft 52 and a housing portion 70 of the vacuum pump 50. The
rolling bearing 64 comprises an inner race 72 fixed relative to the rotor shaft 52, an
outer race 74, a plurality of rolling elements 76 and a cage 78 configured to provide a
desired spacing between the rolling elements. The rolling bearing 64 1s configured to
allow relative rotation of the inner and outer races 72, 74. The rolling bearing 64 is
supplied with a lubricant to establish a load-carrying film that separates the rolling
elements 76 from the inner and outer races 72, 74 to minimise friction and wear. The

lubricant may be an oil.

Optionally, a resilient support 80 is provided for supporting the rolling bearing 64 in
both radial and axial directions relative to the housing portion 70. The resilient
support 80 is configured to damp vibrations of the rotor shaft 52 and rolling bearing
64 duoring use of the vacuum pump 50. As best seen in Figure 3, the resilient support
80 comprises a plurality of arcuate slots 82 that define a plurality of integral flexible
members 84. Each flexible member 84 is located between an inner annular portion 86
and an outer annular portion 88 of the resilient support 80. Each flexible member 84
is connected to the inner annular portion 86 by a first resilient hinge 90 and to the

outer annular portion 88 by a second resilient hinge 92.
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Referring to Figures 2 to 4, a cartridge 100 is provided for retaining the resilient
support 80 relative to the housing portion 70. The cartridge 100 has an axially
extending wall 102 having an inner surface 104 that is in engagement with an outer,
axially extending cylindrical surface 106 of the outer annular portion 88 of the
resilient support 80. The cartridge 100 also has a radially inwardly extending wall 108
that has a lower (as iHlustrated) surface engaging the upper end surface 98 (Figure 2)
of the resilient support 80. A bearing nut 110 is attached to the inner surface 104 of
the cartridge 100 by means of mutually-engaging screw threads such that an upper (as
tllustrated) end surface of the bearing nut 110 engages the lower end surface 112 of
the resilient support 80 to retain the resilient support 80 within the cartridge 100 and,
preferably, to axially pre-load the resilient support 80. The cartridge 100 is attached
to the housing portion 70 by means of bolts 114 to secure the resilient support 80

relative to the housing portion 70.

The vacuum pump 50 is provided with a lubricant supply system 118 that comprises a
wicking element 120 for supplying lubricant from a lubricant reservoir 122, 124 to a
lubricant transfer device provided on the rotor shaft 52. In the illustrated example, the
lubricant transfer device comprises a tapered surface 126 of a conical lubricant feed
nut 128. The feed nut 128 is located on the end of the rotor shaft 52 adjacent the
rolling bearing 64. The end of the feed nut 128 located closest to the rolling bearing
64 has an external diameter selected so that lubricant is delivered to a desired location
in the rolling bearing. The external diameter may be approximately equal to the
internal diameter of the cage 78. The wicking element 120 comprises a body portion
130 and at least one finger 132 extending from the body portion 130 into engagement
with the tapered surface 126. The wicking element 120 may be shaped and
configured so as to be the same as, or similar to, any of the wicking elements shown
in Figures 6, 9 and 10, which are described in detail below. The wicking element 120
and lubricant reservoir 122, 124 may each be formed of a stable fibrous substrate such

as felt.

When the rotor shaft 52 rotates, lubricant travels from the wicking element 120 onto

the tapered surface 126 of the feed nut 128, which acts like a centrifugal pump. As
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indicated by the arrows A in Figure 4, the lubricant travels along the feed nut 128 and
into the lower (as illustrated) end of the rolling bearing 64. The lubricant is
subsequently discharged from the upper end of the rolling bearing 64. An annular
groove 134 is formed in the radially extending wall 108 of the cartridge 100 opposite
the upper end of the rolling bearing 64 for deflecting lubricant discharged from the
rolling bearing towards the resilient support 80. An annular groove 136 is formed in
the upper end surface 98 of the resilient support 80 opposite the annular groove 134.
The annular groove 136 defines a reservoir for receiving deflected lubricant from the
annular groove 134. Lubricant received in the annular groove 136 feeds into the slots
82 under the influence of gravity. The lubricant in the slots 82 generates load-bearing
damping films adjacent the inner and outer circumferential surfaces of the integral
flexible members 84. If the rotor shaft 52 vibrates, the damping films are compressed
thereby generating hydrodynamic pressure. The presence of lubricant maintained
under pressure within the slots 82 has the effect of damping the vibrations, thereby
attenuating the transfer of the vibrations to the housing portion 70 of the vacuum

pump 50.

Figures 5 to 8 illustrate a lubricant supply system 218 that has many features similar
to, or the same as, those of the lubricant supply system 118 shown in Figure 2.
Features of the lubricant supply system 218 similar to or the same as features of the
lubricant supply system 118 have been assigned the same reference numeral,
incremented by 100, and unless stated otherwise, the like features of the lubricant
supply system 118 can be understood to operate in the same way as those of the

lubricant supply system 218.

In the arrangement shown in Figure 5, the resilient support 80 has been omitted as it is
not essential. The rolling bearing 164 may instead be mounted with its outer race
directly engaging an axially extending annular enclosing wall 202 of a body 200. The
body 200 may be a cartridge corresponding to the cartridge shown in Figure 2 or any
other suitable wall against which the rolling bearing 164 may be located. The
enclosing wall may, for example, be a wall of the pump housing or a sleeve secured

within the pump housing. The inner race of the rolling bearing 164 is secured to the
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rotor shaft 152 by means of a conical lubricant feed nut 228, which has a tapered
surface 226. The tapered surface 226 tapers radially outwardly as it extends away
from the free end of the rotor shaft 152 towards the rolling bearing 164. Portions of
the tapered surface 226 disposed adjacent the rolling bearing 164 may be configured

such that lubricant is directed into the rolling bearing on desired radius.

The lubricant system 218 comprises a wicking element 220 and a lubricant reservoir
222, 224. The lubricant reservoir comprises a first lubricant container 222 of a first
reservoir portion and a second lubricant container 224 of a second reservoir portion.
The wicking element 220 is disposed intermediate the first and second reservoir
portions so that it can receive lubricant from each of the lubricant containers 222, 224.
The wicking element 220 may comprise a relatively thin planar member made of a
suitable porous material and may, for example, be made of a fibrous material such as

felt.

Referring to Figures 6 and 7, the wicking element 220 comprises a generally planar
body portion 250 that has oppositely disposed major surfaces 252, 254. The body
portion 250 has a centrally disposed aperture 256 through which the feed nut 228
extends. The aperture 256 defines an inner periphery of the body portion and is
configured to define two fingers 258 that extend from the inner periphery into the
aperture. The fingers 258 are configured to engage the tapered surface 226 of the feed
nut 228. The fingers 258 may be configured to bend out of the plane of the body
portion 250 when engaging tapered surface 226. In the illustrated example there are
two fingers 258 disposed in opposed spaced apart relation. In other examples there

may be just one finger or more than two fingers as required.

The body portion 250 portion has an outer periphery and two cut-outs 260 provided at
the outer periphery generally in line with and radially outwardly of the fingers 258.
The cut-outs 260 define first portions 262 of the outer periphery that are inclined with
respect to, and extend inwardly of, second portions 264 of the outer periphery. The
cut-outs 260 may be generally V-shaped as illustrated in Figure 6. The second

portions 264 of the outer periphery are arcs on a diameter corresponding at least
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substantially to the inside diameter of the annular enclosing wall 202. The
configuration of the body portion 250 is such that the outer periphery has sufficient
second portions 264 to locate and centre the wicking element 220 with respect to the
rotor shaft 152 by engagement with an annular enclosing wall 202. Optionally the
body portion 250 may have at least one further cut-out 266. The cut-out 266 defines a
third portion 268 of the outer periphery. In the illustrated example there are two cut-
out portions 266 arranged to define respective third portions 268 of the outer
periphery. In this example the third portions 268 comprise two straight edges
disposed in parallel spaced apart relation. The pair of cut-outs 266 may be disposed at

right angles to the pair of cut-outs 260.

Referring to Figure 8, the lubricant container 222 is an annular body with a centrally
disposed aperture 268 through which the feed nut 228 extends. The aperture 268 may
have a diameter that is at least substantially equal to the diameter of the aperture 256.
The lubricant container 222 has an outer periphery 270. The diameter of the outer
periphery 270 may correspond at least substantially to the inside diameter of the
annular enclosing wall 202 to locate and centre the lubricant container with respect to
the rotor shaft 152 and the wicking element 220. The lubricant container 222
comprises a porous structure so that it can hold lubricant and allow the lubricant to
migrate to the wicking element 220. The first lubricant container 222 may comprise a
plurality of lubricant container elements that combine to receive and hold lubricant
and allow it to migrate to the wicking element 220. The lubricant container 222 may
comprise a plurality of relatively thin planar pads made of, for example, felt stacked
one upon another. In examples in which the wicking element 220 and lubricant
container 222 comprise felt pads, the felt used for the two parts may have a different
structure, or porosity, to assist in providing a controlled flow of lubricant from the
first reservoir portion to the wicking element. The lubricant container 224 may
correspond to the lubricant container 222 and similarly, may comprise a plurality of

lubricant container elements stacked one upon another.

In use, the lubricant containers 222, 224 are initially charged with a suitable lubricant,

such as an oil. When the rotor shaft 152 is rotated to cause rotation of the attached
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pumping arrangement (not shown), the feed nut 228 rotates relative to the lubricant
containers 222, 224 and the wicking element 220. Lubricant from the lubricant
containers 222, 224 that has migrated into the wicking element 220 wicks along the
fingers 258 onto the tapered surface 226 of the feed nut 228. The lubricant moves
along the tapered surface 226 towards the rolling bearing 164. When the lubricant
reaches the end of the feed nut 228 adjacent the rolling bearing 164 it is thrown into
the bearing to lubricate the inner and outer races, the cage and the rolling elements of
the bearing. The lubricant passes through the rolling bearing 164 and exits the top of
the bearing 164, after which it is deflected down onto the lubricant container 222.
The passage of the lubricant into the rolling bearing 164 and back to the lubricant
reservoir 222, 224 may be essentially the same as is described for the lubricant supply
system 118 with reference to Figure 4. On entering the lubricant container 222, the
lubricant migrates through the porous structure of the container towards the wicking
element 220 for subsequent transfer to the feed nut 228 via the fingers 258. Some of
the returned lubricant will pass through the cut-outs 260, 266 into the wicking element

220 to resupply the lubricant container 224.

Referring to Figure 6, it has been found that by providing the wicking element 220
with a suitably configured cut-out, or cut-outs, the flow rate of the lubricant into the
fingers 258, and so onto the feed nut 228, can be controlled. This may be due to one,
or both of, the reduction in the respective contact areas between the first and second
portions of the lubricant reservoir 222, 224 and the wicking element 220 and the
constriction of the lubricant flow paths within the body portion 250. It has also been
found that the cut-outs can facilitate the resupply of the second portion of the
lubricant reservoir with lubricant returned from the rolling bearing 164 via the first
reservoir portion. The cut-outs provide unobstructed lubricant flow paths between the
lubricant container 222 and the lubricant container 224 that allow lubricant to pass
from the lubricant container 222 into the lubricant container 224 without passing into

the wicking element 220.

Referring to Figure 9, an alternative wicking element 320 comprises a generally

planar body portion 350 that has oppositely disposed major surfaces of which only
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one, the major surface 352, is visible in Figure 9. The body potion 350 has a centrally
disposed aperture 356, which is configured to define two fingers 358 that point
inwardly of the inner periphery of the body portion. In use the fingers 358 engage an
element of a lubricant transfer arrangement provided on a rotor shaft, such as a
conical feed nut, to convey lubricant to the rotor shaft element. The fingers 358 may
be configured to bend out of the plane of the body portion 350 when engaging the

element of the lubricant transfer arrangement.

The body portion 350 has an outer periphery and is provided with two cut-outs 360 at
the outer periphery that are disposed opposite and radially outwardly of the fingers
358. The cut-outs 360 have an arcuate profile and define respective first portions 362
of the outer periphery of the body portion 350. The first portions 362 of the outer
periphery curve inwardly from second portions 364 of the outer periphery. The first
portions 362 of the outer periphery have a maximum inward extent disposed generally
in line with the longitudinal axes of the fingers 358. The second portions 364 of the
outer periphery are arcs on a diameter corresponding at least substantially to the
inside diameter of the annular wall 202. Optionally the body portion 350 has at least
one further cut-out 366. In the illustrated example there are two cut-outs 366 that
define respective third portions 368 of the outer periphery of the body portion 350. In
this example, the first, second and third portions 362, 364, 368 of the outer periphery

all have arcuate profiles.

Referring to Figure 10, another alternative wicking element 420 comprises a generally
planar body portion 450 that has oppositely disposed major surfaces of which only
one, the major surface 452, is visible in Figure 10. The body potion 450 has a
centrally disposed aperture 456, which is configured to define an inner periphery of
the body portion and two fingers 458 that point towards the centre of the body
portion. In use the fingers 458 engage an element of a lubricant transfer arrangement
provided on a rotor shaft, such as a conical feed nut, to convey lubricant to the
element of the lubricant transfer arrangement. The fingers 458 may be configured to

bend out of the plane of the body portion 450 when engaging the rotor shaft element.



WO 2016/110666 PCT/GB2015/053778

10

15

20

25

30

-15 -

The body portion 450 has an outer periphery and is provided with two cut-outs 460 at
the outer periphery that are disposed opposite the fingers 458. The cut-outs 360 each
have three straight sides defining an angular U-shaped profile and define respective
first portions 462 of the outer periphery of the body portion 450. The first portions
462 of the outer periphery project inwardly with respect to adjacent second portions
464. The second portions 464 of the outer periphery are arcs on a diameter
corresponding at least substantially to the inside diameter of the annular wall 202.
Optionally the body portion 450 has at least one further cut-out 466. In the illustrated
example there are two cut-outs 466 that define respective third portions 468 of the
outer periphery of the body portion 450. The cut-outs 466 each have three straight
sides, or edges, defining an angular U-shaped profile. The cut-outs 460, 466 may be

arranged to alternate at 90° intervals about the periphery of the main body portion.

The lubricant supply systems 118, 218 comprise lubricant reservoirs that have first
and second reservoir portions separated by a wicking element. The lubricant reservoir
portions and wicking element have respective centrally disposed apertures. When the
lubricant reservoir portions and wicking element are assembled, the respective
apertures are at least substantially aligned to define a passage, or a chamber, that
receives a portion of the rotor shaft. The wicking element has at least one finger
disposed in the passage that extends from a body portion of the wicking element to
contact a lubricant transfer surface provided on the rotor shaft so that lubricant can be
wicked from the lubricant reservoir portions onto the lubricant transfer element, or
surface, via which lubricant is transferred to the rolling bearing. The first and second
reservoir portions and the wicking element each have outer peripheral portions on a
common radius so that they can be aligned and centred with respect to the rotor shaft.
Centring of the parts may be by engagement with a surface, or surfaces, fixed in the
vacuum pump, such as a wall of a cartridge or sleeve or part of the pump housing.
The wicking element is provided with at least one cut-out configured to assist in
controlling the flow of lubricant to the wicking element finger(s). The cut-out(s) may
define a constricted flow path adjacent a wicking element finger to restrict the flow of

lubricant from the body portion of the wicking element into the finger.
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In the illustrated examples, the central apertures of the first and second reservoir
portions and the wicking element have at least substantially the same diameter and
their outer peripheries are on at least substantially the same radius so that the surface
areas of the major surfaces of the wicking element body portion and the respective
facing, engaging, surfaces of the reservoir portions are potentially the same.
However, by providing at least one cut-out in the body portion of the wicking
element, the surface area of the wicking element available to receive lubricant from
the lubricant reservoir is reduced, thereby restricting the flow of lubricant into the
wicking element. By suitably selecting the position and size of the cut-out(s), the
flow of lubricant to the wicking element finger(s) can be controlled, or tuned, to
optimise the supply of lubricant to the bearing element and so, for example, at least

reduce the likelihood of an over supply of lubricant to the rolling bearing.

The cut-out(s) can also provide a lubricant flow path between the first and second
reservoir portions through which lubricant can flow from one reservoir portion to the
other without passing into the wicking element. It can be seen that in the illustrated
examples the cut-outs define respective flow paths in the form of voids though that
allow unobstructed lubricant flow between the reservoir portions. In examples in
which the reservoir portions are arranged in a stack so that one is above another, this
aids the transfer of lubricant from the upper of the two reservoir portions to the lower
reservoir portion. In examples in which lubricant supplied to the rolling bearing
element is subsequently returned to the upper of the two reservoir portions, this aids
the resupply of the lower reservoir portion, which allows a more even recirculation of
the lubricant and reduces the need to take the vacuum pump out of service to recharge

the lubricant reservoir.

In the illustrated examples the cut-outs are provided at the outer periphery of the body
portion of the wicking element. Alternatively, or additionally, the cut-outs may be
provided at the inner periphery of the body portion. In addition to providing one or
more cut-outs at the inner or outer periphery of the body portion, further cut-outs may

be provided within the body portion as through-holes.
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In the illustrated examples the wicking elements are disposed between two reservoir
portions of a lubricant reservoir such that they are disposed mid-way along the length
of the reservoir. It will be understood that this is not essential and that the reservoir
portions may be configured such that the wicking element is disposed at a desired

location away from the mid-way point.

It will be understood that the wicking element can be readily formed by stamping, or
otherwise cutting, a suitable material such as a layer of felt. Accordingly, wicking
elements with controlled lubricant flow paths can readily be designed and
manufactured for new build vacuum pumps and older designs that are already in

service.

It will be understood that a wicking element with a periphery provided with a cut-out
configured to control lubricant flow may be supplied as a stand alone product, in
combination with one or more lubricant containers or as an assembly with one or
more lubricant containers supported by a body such as the cartridge shown in Figures

1 and 2.
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Claims

1. A vacuum pump comprising:

a housing;

a rotor shaft supported by a bearing arrangement for rotation relative to said
housing;

a lubricant supply system; and

a lubricant transfer device provided on said rotor shaft to transfer lubricant
received from said lubricant supply system to a rolling bearing of said bearing
arrangement,

wherein said lubricant supply system comprises a lubricant reservoir and a
wicking element through which lubricant is transferred from said lubricant reservoir
to said lubricant transfer device,

said wicking element comprises a body portion having an inner periphery and
an outer periphery and a finger projecting from said inner periphery to engage said
lubricant transfer device,

said lubricant reservoir has a major surface through which said lubricant is
transferred to said body portion,

the body portion has a major surface facing said major surface of the lubricant
reservoir to receive the lubricant transferred through said major surface of the
lubricant reservoir, and

at least one of said inner periphery and said outer periphery is provided with at
least one cut-out configured such that said major surface of the wicking element has a
total surface area that is less that the total surface area of said major surface of the

lubricant reservoir.

2. A vacuum pump as claimed in claim 1, wherein said lubricant reservoir
comprises a first reservoir portion and a second reservoir portion, said first and
second reservoir portions each have a said major surface through which
lubricant is transferred to said body portion, said wicking element is disposed
intermediate said first and second reservoir portions and has respective said

major surfaces facing said major surfaces of said first and second reservoir
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portions to receive said lubricant transferred from said lubricant reservoir and
said at least one cut-out defines a flow path between said first reservoir portion
and said second reservoir portion through which lubricant can flow from said
first reservoir portion to said second reservoir portion without passing into

said wicking element.

A vacuum pump as claimed in claim 1 or 2, wherein said lubricant reservoir
further comprises an external wall, said outer periphery of said body portion is
provided with a plurality of said cut-outs to define respective first portions of
said outer periphery and said outer periphery includes a plurality of second
portions disposed outwardly of said first portions and configured to engage
said external wall to centre said wicking element with respect to said rotor
shaft.

A vacuum pump as claimed in claim 1, 2 or 3, wherein a said cut-out is
provided at said outer periphery opposite said finger to define a constriction in

a lubricant flow path to said finger.

A vacuum pump as claimed in claim 4, wherein said wicking element has a
second said finger projecting from said inner periphery and a respective
oppositely disposed cut-out provided at said outer periphery and said fingers

are disposed in diametrically opposed spaced apart relation.

A vacuum pump as claimed in any one of the preceding claims, wherein said
lubricant reservoir has an aperture, said body portion has an aperture, said
apertures are aligned and said lubricant transfer device is received in said

aligned apertures.

A vacuum pump lubricant supply system comprising:

a lubricant reservoir; and
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a wicking element that comprises a body portion having an inner periphery, an
outer periphery and opposed major surfaces and at least one finger projecting from
said inner periphery,

wherein said lubricant reservoir comprises a lubricant container that has a
major surface engaging one of said opposed major surfaces of said body portion so
that lubricant can migrate through said engaging major surfaces into said body
portion,

said at least one finger projects from said inner periphery to, in use, engage a
lubricant transfer device provided on a rotor shaft of a vacuum pump so that lubricant
can wick from said body portion to said lubricant transfer device via said at least one
finger, and

at least one of said inner periphery and said outer periphery is provided with at
least one cut-out so that said major surface of said body portion that engages said
major surface of said lubricant container has a total surface area that is less than the

total surface area of said major surface of said lubricant container.

8. A vacuum pump lubricant supply system as claimed in claim 7, wherein said
lubricant reservoir comprises a first reservoir portion and a second reservoir
portion, said first and second reservoir portions each comprises a said
lubricant container having a major surface through which lubricant can
migrate into said body portion, said body portion is disposed between said
lubricant containers such that said opposed major surfaces of said body
portion engage a respective said major surface of said lubricant containers and
said at least one cut-out defines a flow path through which lubricant can flow
from said first reservoir portion to said second reservoir portion without

passing into said wicking element.

9. A vacuum pump lubrication system as claimed in claim 7 or 8, wherein said
outer periphery is provided with a plurality of said cut-outs that define
respective first portions of said outer periphery, said outer periphery comprises
a plurality of second portions disposed outwardly of said first portions and

said second portions are configured to align with an outer periphery of said
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lubricant reservoir for centring the wicking element with respect to said

lubricant reservoir.

A vacuum pump lubrication system as claimed in claim 9, further comprising
a member defining an enclosing wall and said second portions of said outer
periphery of said body portion and said outer periphery of said lubricant

reservoir engage said enclosing wall.

A vacuum pump lubrication supply system as claimed in any one of claims 7
to 10, wherein said wicking element has two said fingers disposed in
diametrically opposed spaced apart relation and respective said cut-outs

provided at said outer periphery and disposed in line with said fingers.

A vacuum pump lubrication system as claimed in any one of claims 7 to 11,
wherein said lubricant reservoir has an aperture, said body portion has an
aperture said apertures are aligned to define a passage to receive said lubricant

transfer device and said at least one finger projects into said passage.

A method of manufacturing a vacuum pump lubricant supply system, said
method comprising:
providing a lubricant reservoir;,

providing a wicking element with a body portion having an inner periphery, an

outer periphery and opposed major surfaces and a finger projecting from said body

portion through which, in use, lubricant can travel from said body portion to an

element on a vacuum pump rotor shaft engaged by said finger;

disposing a said major surface of said body portion in flow communication

with a facing major surface of said lubricant reservoir so that lubricant can flow from

said lubricant reservoir into said body portion through said major surfaces; and

providing at least one of said inner periphery and said outer periphery with at

least one cut-out arranged to provide a restricted lubricant flow path from said body

portion into said finger to limit lubricant flow into said finger, whereby said major
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surfaces of said body portion each have a total surface area that is less than the total

surface area of said major surface of said lubricant reservoir.

14.
5
15.
10
15

A method of manufacturing a vacuum pump lubricant supply system as
claimed in claim 13, further comprising forming said lubricant container and
body portion as annular bodies having aligned through-holes defining a

passage to receive said element on a vacuum pump rotor shaft.

A method of manufacturing a vacuum pump lubricant supply system as
claimed in claim 13 or 14, further comprising providing said lubricant
reservoir with first and second reservoir portions that each comprise a
lubricant container having a said major surface through which lubricant can
flow from the lubricant container into said body portion, disposing said body
portion intermediate said first and second reservoir portions so that lubricant
can flow from the lubricant container of the first reservoir portion into the
lubricant container of the second reservoir portion via said at least one cut-out

without passing into said wicking element.



