MOTOR WITH IMPROVED COOLING

The present invention relates to a motor, and to & vacuum pump comprising a
motor having a-motor rotor exposed to a sub-atmospheric pressure 'during use of

ihe pump.

Vacuum processing is commonly used in the manufacture of semiconductor
devices and flat panel display'rs o deposi{ thin films on to substrates, and in
metallurgical processes. Pumping systems used to evacuate relatively larée
process chambers to the desired pressure generally comprise at léast one booster
pump connected in :sen'es with at least one backing pump. .

Vacuum pumps typically have oil-free pumping mechanisms, as any lubricants
present in the pumpiné mechanism could cause contamination of the clean
environment in which the vacuum processing is performed. Such “dry” vacuum
pumps are comm;)nly single or multi-stage positive displacement pumps
emploving inter-meshing rotors in the pumping mechanism, The rotors may have
the same type of profile in each stage or the profile may change from stage to
stage. The backing pumps may have either a similar pumping mechanism to the
booster pumps, or a different pumping mechanism. '

An asynchronous AC motor typically drives the pumpiﬁg mechanism of a booster
purnp. Such motors must have a rating such that the pump is able to supply
adequéte compression of the pumped gas between the pump inlet and outlet, and
such that the pumping speed resulting is sufficient for the duty re'quired.

Early designs of dry vacuum pumps used essentially standard motors with
greased bearings, and with shaft seals between the motor.and the pumping
mechanism of the vacuum pump. These motors operated at relatively low speeds
(less than 60 Hz), and at almospheric pressure. The greased bearings and shaft
seals have been found to be sources of unreliability of the vacuum pumps, and so .
the trend in pump design has been to eliminate both of these items and 1o run at



_higher speeds (of the order of 100 Hz). This has been achieved by integrating the
motor into the vacuum system, and thereby avoid the requirement to provide shaft
seals, and to lubricate the bearings of.the motoﬁ using oil from the pump gearbox,

and thereby eliminate greased bearings fr'c_arh the.motor.

A disadvantage of inte’gratiﬁg the motor into the vacuum pumping system is that
the motor rotor is nhow required to operate under vacuum in the case 0}’ boosfer |
pumps, whereas previously the motor rotor operatéd at all times at atmospheric
pressu‘re.- This 'is a difference which has been found to p!aée severe cbnstraint_s
on the achievable motor rating in view of overheating of the motor during use of

the vacuum pump.

Electric motors typically have an efficiency of around 85%. The 15% losses in the
molor cause heating of the motor windings, motor stator and the motor rotor. The
heat generated in the motor windings and the motor stator is readily conveyed by
conduction through the housing of the motor, and is typically removed from the
housing by water cooling. The windings may be beneficially potted or
encapsulated to improve heat transfer.with the motor stator and/or with the

- housing of the motor. When operating at atmospheric pressure, the heat
generated in the motor rotor is mainly conveyed to the housing of the motor by
convection, using the air inside the motor as a medium for transferring heat from
the motor rotor to the motor housing. Motor rotors may be provided with cooling
fins to maximise this effect. However, when operating.under vacuum there is litile
or no air inside the motor housirig. Consequently, the main path for dissipating
heat from the motor rotor is no longer available, and this severely limits the
available cooling for the motor rotor. Whilst some cooling is available through
conduction along the motor shaft and through the bearings, and by radiation from
the motor rotor, the combination of these cooling mechanisms produces only a

relatively smalt cooling effect.

Fomblin oil is typicallly used to lubricate the gears and bearings of a vacuum pump.
If thg motor is integrated into the pump gearbox, or attached to the pump gearbox,



and shares the gearbox.o'il for lubrication of the bearings of the fnotor, then there

is the possibility that this oil can come into contact with the motor rotor. If Fomblin

- oil is heated to a temperature |n excess of 280°C, it decomposes to form highly
corrosive hydrogen fluoride. Conse.quehtly_,‘ én upper limit of 250°C is- typically set
for the operating temperature of the motor rotor..‘ This can reduce the rating of the -
“motor to around 2 kW when operated under vacuum conditions, in comparison to

a rating of around 7.5 kW when operated at atmospheric pressure.

It is an aim of at least the preferred embodiments of the invention to'provide
improved cooling of rotary parts of a motor when operated at a sub-atmospheric

pressure. .

In a first aspect, the present invention provides a motor comprising stationary
elements and rotary elements rotatable relative to the stationary elements, the
stationary elements comprising a housing and a motor stator disposed within the
housing, and the rotary elements comprising a shaft supported by bearings, and a
motor rotor located on the shaft for rotation relative io the motor stator; and a
lubricant supply for supplying a lubricant for lubricating the bearings; characterised
in that one .of the stationary elements defines with one of the rotary elements an
annular channel for receiving lubricant from the lubricant supply to form a heat

conduction path between stationary and rotary elements of the motor.

The heat conduction path thus created between rotary and stationary elements of
the motor by the presence of lubricant within the annular channel can improve the
heat transfer between a relatively hot rotary element of the motor and é relatively
cold statiohary element of the motor. This heat path can greatly reduce the
temperature of the motor rotor when the motor rotor is operated at a sub-
atmospheric pressure (that is, when the environment within the housing is at a
sub-atmospheric pressure} and can also contribute to the cooling of the motor
rotor when the motor is operated at atmospheric pressure. By providing improved
cooliné of the motor rotor when operated at a sub-atmospheric pressure, the rating

of the motor when operated at a sub-atmospheric pressure can be approximately



tHe' same as the rating of the motor when Oberated at atmospheﬁc preesure
Furthermore the reduced temperature of the rotary elements of the motor can

. reduce the temperature gradient across the beanngs used to. support 1he shaft for _
rotation relatwe to. the statlonaly elements of the motor

In a first embod|ment the annular channe] is defined by the housung and the shaft,
. with the annular channel extendmg about, and concentric with, the shaft. Two
such annular channels may be provided, with the motor rotor located between
these two channels. Each of these channels may be located external of a
respective bearing used to support the shaft for rotation relative to the housing,
that is, -with each bearing being located between the motor rotor and a respective
annular channel Alternatively, each annular channel may be located axially
between the motor rotor and a respective bearing. The location of the channels
closer to the motor rotor can enhance the cooling effect of the heat conduction

paths established between the housing and the shaft. .

The'lubricant supply may be configured to supply lubricant direcily into the or each
annular channel, from which the lubricant is conveyed into the bearings with
rotation of the shaft. The lubricant that has passed through the bearings may be
returned to the pump gearbox, which may provide a [ubricant source for the
lubricant supply. Means may be provided for draining lubricant from the housing
to control the amount of lubricant within the housing, with the drained lubricant

also being retumed to the gearbox.

In a second embodiment, the annular channel is defined by the motor stator and
the motor rotor. The lubricant supply may be arranged to supply Iubricant into the
housing to partially submerge the motor rotor, and thereby form the lubricant-filled
channel from the annular air gap between the motor rotor and the motor stator. In
this embodiment, the lubricant supply may be arranged to supply lubricant directly
into the housing to fill the annular channel, as this can facilitate the configuration of
the lubricant supply. Means may be provided for controlling the amount of
lubricant contained within the housing. For example, the inlet of a drain may be



. ‘Iocated radially between the ann ular channel and the shaft for draining lubricant
. ,'_from the housmg, with the posmon of the drain lnlet relative to the housmg '
- determlnlng the ma:-nmum depth to WhiCh the motor rotor is submerged with .

"Iubncant

. Inthis second embcdfment rotation of the shaft causes the partlally submerged‘ .
- motor rotor to throw droplets of lubricant towards the walls of the housing.
Positioning of the bearings for supporting the shaft close to the motor rotor can
F enable the bearings to be lubricated by these 'droplets of lubricant, thereby
avoiding the r_l'eed to provide two separate lubricant supplies for lubricating the -
bearings. Therefore, in a second aspect the present invention provides a motor
comprising a housing, a motor stator dispcsec_i within the housing, a shaft passing
through the housing, bearings supporting the shaft for rotation relative to the
housing, a motor rotor located on the shaft for rotation relative to the motor stator,
and a lubricant supply for supplying a lubricant to the housing, the beerings being
positioned to receive lubricant thrown by the motor rotor with rotation of the shaft.

in a modification of the first embodiment, an additional annular channel is defined
by the motor stator and the motor rotor. In this modification, the inlet of the
draining means of the first embodiment is moved radially towards the shaft, and so
may be located in a similar position to the inlet of the drain of the second
embodiment, namely radially between the additional annular channet and the
shaft. As a result, a volume of lubricant can be aliowed to form within the housing
s0 as to partially submerge the motor rotor, and thereby form a lubricant-filled
channel from the annular air gap between the motor rotor and the motor stator.
The position of the inlet relative to the housing determines the maximum depth to
which the motor roior is submerged with lubricant. This can further enhance the '

cooling of the motor rotor.

in a third aspect, the present invention provides a vacuum pump comprising a
motor as aforementioned, and in which a sub-atmospheric pressure is generated
within the housing during use of the pump. .



‘ In a fourth aspect, the present invention provides a method of removing heat from
- a motor rotor located within' a sub- atmosbheric pressure environmeht 'during Lise 6f _
a moter comprising statlonary elements and rotary elements rotatable relatlve to.
the stationary elements, the stat[onary elements comprlsmg a housing and a motor
. stator disposed within the: housing,-and the rotary elements comprising a shaft
supported by bearings, and said motor rotor loE:ate_d on :the éhéﬂ for rotation' '
relative to the motor stator, the method comprising supplying to the housing: a |
lubricant for lubricating the bearings and for fillihg an annular channel defined-
- between one of the stationary elements and one of the rotary elements to fonh‘a'
heat conduction palh between siationary‘and rotary elements of the motor; and
cooling one of the stat[onary elements to remove from the motor heat that has

been conducted across said path. -

' Features described above in connection with the first aspect of the invention are

equally applicable to the fourth aspect of the invention, and vice versa.

Preferred features of the present invention will now be described with reference to

the accompanying drawings, in which:
Figure 1 is a schematic cross-sectional view of a first embodiment of a motor; and
Figure 2 is a schematic cross-sectional view of a second embodiment of a motor.

With reference first to Figure 1, a motor 10 for a vacuum pump comprises
stationary elements and rotary elements rotatable relative to the stationary
elements. The stationary elements comprise a housing 12 and a motor stator 14
located in the housing 12. The motor stator 14 has end windings 16 which are
encapsulated in a resin 18. Pipes 20 for conveying a flow of coolant, for example
water, about the motor stator 14 are focated in thermal contact with the housing
12. Asillustrated in Figure 1, the pipes 20 may pass through the housing 12, or
alternatively may extend around the outside of the housing 12. The housing 12 is



preferably formed from matérial having a,felétivelyl high thermal cbnductivity,.

preferably a metallic material such as aluminiurn, -

“The rotary elements comprise a motor rotor 22 cnrcumferentlally surrounded by the

-, motor stator 14, and 4 shaft 24 upon which the motor rotor 22 is mounted. The

shaft 24 is supported by bearings 26, 28 for rotation relative to the housmg 12 to .
" drive the impeller of the vacuum pump. The motor rotor 22 may comprise a

' pIurallty of radlal fins 29 for generatlng a flow of air within the housmg 12 with
’ _rotatlon of the shaft 24 so0 that with air present within the housing 12, heat is
drawn from the radial fins 29 by convechon due to the forced flow of air circulating .
w:thln the housing 12.

A fubricant supply system 30 is provnded for supp]ylng a lubricant, such as a
hydrocarbon oil or Fomblin oil, for lubricating the bearings 26, 28. In this
embodiment, the lubricant supply 30 comprises lubricant supply pipes or conduits
32, 34 machined in the housing 12 of the rﬁotor 10 each for conveying lubricant
from the gearbox of the vacuum pump, or from a dedicated fubricant reservoir, to a

respective bearing 26, 28.

The lubricant is supplieci by each supply pipe 32, 34 into a respective annular
channel 36, 38 defined by the housing 12 and the shaft 24. Each channel 36, 38
extends concentrically about the shaft 24, and in this embodiment is located axially
between the motor rotor 22 and a respective bearing 26, 28. fhe lubricant fills the
annular channels 36, 38, and passes, with rotation of the shait 24, along the shaft
24 and into the bearings 26, 28. With referénce to Figure 1, lubricant that has
passed through bearing 26 rhay enter an additional annular channel 40 defined by
the housing 12 and the shaft 24, and located external of the bearing 26, that is,
with the bearing 26 being located between the motor rotor 22 and the additional
annular channel 40. As illustrated, the annular channels 36, 38, 40 may be
convéniently defined by the shaft 24 and the bearing flanges of the housing 12.



Lpbticant retum pipes or cond_utts 42,44 a're etso machined-in the housing 12 for -
retumfng lubricant to the gearbox. -Return pipe 42 is-arrenged to return lubricant
- from the: chamber 46 housing the motor stator 14, and the returh pnpe 44 is
- arranged to retum Iubncant from the annular channel 38, In this embodiment, the"
" retumn pipe 42 has an inlet located beneath the air gap between the motor stator -
-' 14 and the motor rotor 22 so that the chamber 46 is substanhally devoid of -

'Iubncant during use of the pump. -

The motor 10 is prefetably integrated into the vacuum pumping system, and so,
| during use of the pump the chamber 46 of the housing 12 is exposed to a sub-
atmospheric pressure, Consequently, the removal of heat from the radial fins 29
by convection may be greatly impaired by the reduced amount of air within the
housing 12 durlng use of the pump. However the Iubncant—fllled annular channels
36, 38, 40 located between the shaft 24 and the housmg 12 provide heat
_ conduction paths for transferring heat by conduction from the rotary elements of
the motor into the housing 12 of the motor 10 at both atmospheric and sub-
atmospheric preesures within the housing 12. As indicated by the shaded arrows
48 in Figure 1, heat that is generated in the motor rotor 22 during use of the motor
10 is transferred by conduction into the shaft 24 of the motor 10. The heat passes
along the shaft 24 by conduction, and then, alsc by conduction, is transferred
across the lubricant-filled annular channels 36, 38, 40 to the housing 12 of the
motor 10, This heat is then transferred by conduction through the walls of the
housing 12 to the water flowing within the pipes 20. '

The conduction of heat from the shaft 24 to the housing 12 of the motor 10 can
enable the temperature of the motor rotor 22 to be reduced to a temperature in the
range from 50 to 100°C when the housing 12 of the motor 10 is exposed to a sub-
atmospheric pressure whilst achieving a relatively high motor rating, for example
greater than 5 kW, and preferably around 7.5 kW. Furthermore, the temperature
gradients across the bearings 26, 28 can be maintained at an acceptable level, for

example around 50°C, during use of the pump.



" Asecond embodtment of a .motor 60 for a vacuum pump |s |llustrated in F|gure 2. .
- Asin the first embodxment the motor 60 compnses statlonary elements and rotary.
elements rotatable relative to the stat[onary elements The staﬂonary elements
,.'compnse a housrng 62and a motor stator 64 located in the housmg 62. The
.motor slator 64 has end wmdlngs 66 which are encapsulated in a resin 68. Pipes
70 for conveylng a flow of coolant, for example water, about the motor stator 64 -
are located in thermal contact with the housing 62 As lllustrated in Figure 2, the
pipes 70 may pass through the housmg 62, or the prpes 70 may extend around the

*outside of the housing 62. The housing 62 is preferably formed from material

"having a relatively high therrnal conductlwty, preterably a metalllc material such as

aluminium.

The rotary elements comprise a motor rotor 72 elrcumferentlally surrounded by the
motor stator 64, and a shaft 74 upon which the motor rotor 72 is mounted. The
shatft 74 is supported by open bearings 76, 78 for rotation relative to the housing
62 to drive the impetler of the vacuum pump. As iflustrated in Figure 2, in this
embodiment the bearings 76, 78 are each located adjacent' to, preferably flush
with, a respective inner wall 80, 82 of the housing 62. The motor rotor 72 may
comprise a plurality of radial fins 84 for generating a flow of air within the housing
62 with rotation of the shaft 74 so that, with air present within the housing 62, heat
is drawn from the radial fins 84 by convection due to the forced flow of air
circulating within the housing 62,

A lubricant supply system 90 is provided for supplying a lubricant, such as Fombiin
ail, for lubricating the bearings 76, 78. In this embodiment, the lubricant supply 90
comprises a lubricant supply pipe or conduit 92 extending into the housing 62 for
conveying lubricant from the gearbox of the vacuum pump, or from a dedicated
lubricant reservoir, directly into the chamber 94 of the housing 62. A lubricant
return pipe or drain 96 extends from the chamber 94 of the housing 62 to return
lubricant to the gearbox. In this embodiment, the drain 96 has an inlet 98 located
radially between the shaft 74 and the annular air gap 100 defined between the -
motor stator 64 and the motor rotor 72 so that, during use of the pump, the motor



| -rotor 74 is r)artially submerged in a puddle 102 of lubricant lovated in the chamber
" 94, and so that the air gap, 100 is filled with lubricant.

The motor 60i is preferably integrated rnto the vacuum pumpmg system and so,
during use of the pump the chamber 94 of the housmg 62 is exposed toa sub-
atmospheric pressure. Consequently, the removal of heat from the radial fins 84 :
‘by convection may be greatly impaired by the reduced amount of air within the -
‘housing 62 'during use of the pump. However, the lubricant-filled annular air gap
100 located between the motor stator 64 and the motor rotor 72 provides a heat
conduction path for transterring heat by conduction from the rotary elements of the
motor into the housing 62 of the motor 60 at both atmospheric and sub-
atmospheric pressures within the housing 62. As indicated by the shaded arrows
110 in Figure 2, heat that is generated in the moior frotor 72 during use of the
motor 60 is transferred by conduction across the lubricant-filled air gap 100 to the
motor stator 64, and is then transferred, also by conduction, to the housing 62 of
the motor 60. This heat is then transferred by conduction through the walls of the
housing 62 to the water flowing within the pipes 70.

As in the first embodiment, the conduction of heat from the motor rotor 72 to the
motor stator 64 can enable the temperature of the motor rotor 72 to be reduced to
a temperature in the range from 50 to 100°C when the housmg 62 of the motor 60
is exposed to a sub-atmospheric pressure whilst achieving a relatively high motor
rating, for example greater then 5 kW, and prefe'rably around 7.5 kW.
Furthermore, the temperature gradiente across the bearings 76, 78 can be

maintained at an acceptable level, for example around 50°C, during use of the

pump.

.In addition, with rotation of the motor rotor 72 within the housing 62, lubricant
present within the housing 62 is thrown outwards from the motor rotor 72. The
bearings 76, 78 are positioned to receive lubricant thrown by the motor rotor 72
with rotation of the shait 74, thereby enabling the bearings 76, 78 to be lubricated
by the lubricant thrown from the motor rotor 72, This can enable the lubricant
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supply 90 to be S|mpl|f|ed in comparlson to the Iubncant supply 30 of the fxrst
embodiment; a smgle Iubncant supp!y pipe 92 is requnred to supply Iubncant
E 'direct!y into the housing 62, as opposed to the two lubricant suppiy plpes 32, 34
requnred to supply lubricant to each of the beanngs 26 28 in the flrst embodrment
: Addmonally the Iubncant return pipes 44 and 42 of the first embodlment are
' replaced by the S|mp|1f|ed return 96 of the second embodiment. The machmlng for
~ the lubricant supply plpe 92 may be much S|mpler than the ‘machlnlng for the two
lubricant supply pipes 32, 34. Fulrthen"no're, the supply of lubricant to the housing
| 62 can be unregulated, as the amount of Iubric;aﬂl:lt contained in the housing 62 is
- determined by the position of the inlet 98 of the drain 96. In cbmpariéon, in the

. first embodiment some control 6f the rate of supply of Iubricaht_to the annular

channels 36, 38 niay be required. .

In a modification of the first embodirhent, the inlet of the lubricant return-'pipe 42
may be positioned in a similar p'ositioh to the inlet 98 of the drain 96 of.the second
embodiment, that is radially. between the shaft 24 and the annular air gap defined
between the motor stator 14 and the motor rotor 22. As a result, during use of the -
pump the motor rotor 22 is partially submerged in a puddle of lubricant located in
the chamber 46, and so that the air gap is filled with lubricant. The lubricant-filled
annular air gap located between the motor stator 14 and the motor rotor 22 ‘
provides an additional heat conduction path for transferring heat by conduction
from the rotary elements of the motor into the housing of the motor at both '
atrnospheric and su_b-atmc;spheric pressures.within the housing.

11



1.

CLAIMS

A motor for a vacuum pump comprising stationary elements and rotary elements
rotatable relative to the stationary elements, the stationary elements comprising a
housing and a motor stator disposed within the housing, and the rotary elements
comprising a shaft supported by bearings, and a motor rotor located on the shaft for
rotation relative to the motor stator; and a lubricant supply for supplying a lubricant
for lubricating the bearings; wherein the motor is integrable into a vacuum pump, so
that during use of the pump, the housing is exposed to sub-atmospheric pressure;
characterised in that

the motor rotor comprises a plurality of radial fins for generating a flow of air within
the housing, so that with the air present in the housing, heat is drawn from the radial
fins; and in that

one of the stationary elements defines with one of the rotary elements an annular
channel for receiving lubricant from the lubricant supply to form a heat conduction
path for transferring heat by conduction from the rotary elements of the motor into the
housing at both atmospheric and sub-atmospheric pressures within the housing.

A motor according to Claim 1, wherein the annular channel is defined either by the
motor stator and the motor rotor or by the housing and the shaft.

A motor according to Claim 2, wherein when the annular channel is defined by the
housing and the shaft:, an additional annular channel is defined by the motor rotor

and the motor stator.

A motor according to Claim 2, wherein the bearings are positioned to receive

lubricant thrown by the motor rotor with rotation of the shaft.

A motor according to Claim 3, wherein the motor rotor is located between two said

annular channels,

A motor according to Claim 3, wherein each annular channel is located axially

between the motor rotor and a respective bearing.

A motor according to any of Claims 2 to 6, wherein the lubricant supply is configured
to supply lubricant either directly into the or each annular channel, or into the housing

to partially submerge the motor rotor.

12



10.

1.

12.

13.

14.

15.

A motor according to Claim 7, wherein the additional annular channel is arranged to

receive lubricant supplied by the lubricant supply.

A motor according to Claim 7 or Claim 8, comprising means for controlling the

amount of lubricant contained within the housing.

A motor according to Claim 9, wherein the means for controlling the amount of
lubricant contained within the housing comprises a drain having an inlet located
radially between the annular channel and the shaft for draining lubricant from the

housing.

A motor according to Claim 3, wherein a means for draining lubricant from the
housing has an inlet located radially between the additional annular channel and the

shaft.

A motor according to any preceding Claim, comprising means for cooling the

housing.
A vacuum pump comprising a motor according to any preceding Claim.

A vacuum pump according to Claim 13, in which a sub-atmospheric pressure is
generated within the housing during use of the pump.

A vacuum pump according to Claim 13 or Claim 14, comprising a gearbox, and

wherein the lubricant supply is configured to supply lubricant to the motor from the

gearbox.
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