MOTOR The present invention relates to a notor, and to a vacuum punp
conprising a notor having a notor rotor exposed to a sub-atnospheric
pressure during use of the punp. Vacuum processing is commonly used
in the manufacture of sem conductor devices and flat panel displays
to deposit thin films on to substrates, and in netall urgical
processes. Punping systens used to evacuate relatively |arge process
chanbers to the desired pressure generally conprise at |east one
booster punmp connected in series with at | east one backing punp.
Vacuum punps typically have oil-freeMARng nechani sms, as any

| ubricants present in the punping nmechani sm coul d cause contam nation
of the clean environnent in which the vacuum processing is perforned.
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or the prahélpampay change from stage to stage. The backi ng punps may
have either a simlar punping mechanismto the booster punps, or.a
di fferent punping mechanism An asynchronous AC notor typically
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integrating the notor into the vacuum system and thereby avoid the
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employing 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
pump. Such motors must have a rating such that the pump is able to supply
adequate compression of the pumped gas between the pump inlet and outlet, and

such that the pumping speed resulting is sufficient for the duty rehuired.

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 atmospheric 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 to run at



A di sadvantage of integrating the notor into the vacuum punpi ng
systemis that the notor rotor is nowrequired to operate under
vacuumin the case of booster punps, whereas previously the notor
rotor operated at all tines at atnospheric pressure. This is a

di fference which has been found to place severe constraints on the
achi evable notor rating in view of overheating of the notor during
use of the vacuum punp. Electric notors typically have an efficiency

of around 85% The 15% ] osses in the notor cause heating of the notor
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el enent s o mot of by the presence o ricant W|t Int nuI ar
channel caelativgly sualltdoelimgeffedtr ansf er between a rel atively hot rotary
el ement of the notor and a relatively cold stationary el enent of the
notor. This heat path can greatly reduce the tenperature of the notor

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



the sane as the rating of the notor when operated at atnospheric
pressure. Furthernore, the reduced tenperature of the rotary el enments
of the notor can reduce the tenperature gradi ent across the bearings
used to support the shaft for rotation relative to the stationary
el ements of the notor. In a first enbodi nent, the annul ar channel is
defined by the housing and the shaft, with the annul ar channel
ext endi ng about, and concentric with, the shaft. Two such annul ar
channel s may be provided, with the notor rotor |ocated between these
two channednl sisesthergaateeeolt frfduicatipa gl he hascings of the rapiea) ther there
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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 coocling of the motor
rotor when the motor is operated at atmospheric pressure. By providing improved
cooling 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



determ ning the maxi mum depth to which the notor rotor is subnerged
with lubricant. In this second enbodi nent, rotation of the shaft
causes the partially subnmerged notor rotor to throw dropl ets of

| ubricant towards the walls of the housing. Positioning of the
bearings for supporting the shaft close to the notor rotor can enable
the bearings to be lubricated by these droplets of |ubricant, thereby
avoi ding the need to provide two separate |ubricant supplies for

| ubricating the bearings. Therefore, in a second aspect the present
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draw ngs, Hoﬂs%l tgr;):artialiy 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 diréctly
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



Figure 1 is a schematic cross-sectional view of a first enbodi nent of
a notor; and Figure 2 is a schematic cross-sectional view of a second
enbodi nent of a notor. Wth reference first to Figure 1, a notor 10
for a vacuum punp conprises stationary elenments and rotary el enents
rotatable relative to the stationary el enents. The stationary

el ements conprise a housing 12 and a notor stator 14 |ocated in the
housing 12. The notor stator 14 has end wi ndings 16 which are

encapsul ated in a,r Pirpes 20 for con ing.a flow.of cool ant,
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is located axially between the notor tor 22 and a respective
bearing 26, 28. The lubricant fills the annul ar channels 36, 38, and
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shaft. As a result, a volume of lubricant can be allowed to form within the housing
so 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 rotor 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. .



Lubricant return pipes or conduits 42, 44 are also machined in the
housing 12 for returning lubricant to the gearbox. Return pipe 42 is
arranged to return lubricant fromthe chanber 46 housing the notor
stator 14, and the return pipe 44 is arranged to return | ubricant
fromthe annul ar channel 38. In this enbodinent, the return pipe 42
has an inlet |ocated beneath the air gap between the notor stator 14
and the notor rotor 22 so that the chanber 46 is substantially devoid
of lubricant during use of the punp. The notor 10 is preferably
integrated  into the vacuum punpi ng system and so, during use of the
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of a notor 60 for a vacuumpunp is illustrated in Figure 2. As in
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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 located 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



conprise a housing 62 and a notor stator 64 |ocated in the housing
62. The notor stator 64 has end w ndings 66 which are encapsulated in
a resin 68. Pipes 70 for conveying a flow of coolant, for exanple

wat er, about the notor stator 64 are located in thermal contact with
the housing 62. As illustrated in Figure 2, the pipes 70 may pass
through the housing 62, or the pipes 70 may extend around the outside
of the housing 62. The housing 62 is preferably fornmed from materi al
having a rel atively h thermal conductivit preferably a netalllc
mat eri al wewr@@véwrmd%r%matﬁ@a MSving,a. éﬂ@‘l‘?ﬁﬁ(%‘gﬁéﬁ‘&fm%éo% duygliviby, -

rotor 72 réff‘e!TI '?cﬁﬂ%’ﬁ%wa‘%'r%ﬂ%%%ﬁ% notor stator 64, and a =

shaft 74 upo e notor rotor is nounted. The shaft 74 is
support ed by open bearings 76, 78 for rotation relative to the
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supply 90 to be sinplified in conparison to the lubricant supply 30
of the first enbodinent; a single |ubricant supply pipe 92 is
required to supply lubricant directly into the housing 62, as opposed
to the two lubricant supply pipes 32, 34 required to supply |ubricant
to each of the bearings 26, 28 in the first enbodinent. Additionally
the lubricant return pipes 44 and 42 of the first enbodi nent, are
repl aced by the sinplified return 96 of the second enbodi nent. The
machining for the lubricant supply gi e 92 may be nuch.sinpler than

t he machi nkY¥RjicRBt retye RiRpgs ‘Pmﬂﬂdg'éﬁf’f s_‘g‘bﬁl%/aim H@é’hgﬁd igAhe pQusing i Adere,
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partially subnmerged in a puddle of lubricant |ocated in the chamber
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along the shaft 24 by conduction, and then, also 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 thrdugh 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 refatively 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.



3. A notor according to Claim2, wherein the lubricant supply is
arranged to supply lubricant into the housing to partially submerge
the notor rotor. 4. A notor according to Claim2 or Claim3, wherein
the lubricant supply is arranged to supply lubricant directly into

t he housing. 5. A notor according to Claim3 or Claim4, conprising
means for controlling the amount of |ubricant contained within the
housing. 6. A notor according to Claimb5, wherein the neans for
control ling the amount: of |l ubricant contained within_the-housing
conpri ses A saeaithempodimenial a meter 6@ &ftavaguyal aYmp iHdugisatrdimEigure 2.
annul ar ch drf¥so ' F AL 00 b LT G .
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beari ngs aglemeots tolatakld relativeetoctheestatidnaine alements. oline biatioharyreleroents
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motor stator 64 has end windings 66 which are encapsulated in a resin 68. Pipes
70 for conveying a flow of coolarjt, for exarhple water, about the rhotor stator 64
are located in t.hermal contact with the housing 62. As il'lustrated-in Figure‘2, the
pipes 70 may pass th kough the hc_>uSin’g 62, or thé pipes 70 may extend around the
~outside of the housing 62. Théuﬁousing 62 is preferably formed from méterial
"having a relatively high thermal conductivity, preferably a metallic material such as

aluminium.

The rotary elements comprise a motor rotor 72 éircumférentially surrounded by the
motor stator 64, and a shaft 74 upon which the motor rotor 72 is mounted. The
shaft 74 is supported by open bearings 76, 78 for rotation relative to the housing
62 to drive the impeller of the vacuum pump. As illustrated in Figure 2, in this
embodiment the bearings 76, 78 are each located adjacenti 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 Fomblin
oil, 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



by the housing and the shaft. 9. A notor according to CaimS8,
wherein the notor rotor is | ocated between two said annul ar channel s.
10. A notor according to Caim8, wherein each annul ar channel is

| ocated axially between the notor rotor and a respective bearing. 11
A nmotor according to any of Clains 8 to 10, wherein the |ubricant
supply is configured to supply lubricant directly into the or each
annul ar channel. 12. A rnotor according to any of Clains 8 to 11,

wherein an additional
-rotor 74 is partiaily submerged ina puddle 102 of lubrrcant Iocated in the chamber

94, and so that the air gap 100 is Afllled with ‘Iubrlcant.

The motor 60 is preferably integrated into the vacuum pumping system, and so,
during use of the pump the chamber 94 of the housing 62 ',is'.expo-sed to a sub- _'
atmospheric pressure. ‘.Consequently, the removal of h'é'atj from ,tﬁe. radial fins 84
'by convection may be greatly impaired by the reduced amount of ai’r 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 transferring heat by conduction from the rotary elements of the
motor into the housing 62 of the motor 60 at both atmospheric and sub-
atfnosphéric pressures within the housing 62. As indicated by the shaded arrows
110 in Figure 2, heat that is generated in the motor rotor 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 transférred 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 housihg 62 of the motor 60
is exposed to a sub-atmospheric pressure whilst achieving a ré!atively high motor
rating, for example greater thén 5 kW, and prefe'rably around 7.5 kW.
Furthermore, the temperature gradients 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 shaft 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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annul ar channel is defined by the notor rotor and the notor stator.
13. A notor according to Claim 12, wherein the additional annular
channel is arranged to receive |ubricant supplied by the |ubricant
supply. 14. A notor according to any of Clains 8 to 13, conprising
means for draining |ubricant fromthe housing. 15. A notor according
to Caimi14 when dependent from Cl aim 12, wherein the nmeans for
draining lubricant fromthe housing has an inlet Iocated radlally

bet ween t he addl ti onal annul ar channel and the shaft
supply 80 to be smphﬁed in comparison to the Iubncant supply 30 of the flrst

embodlment a single Iubncant supply pipe 92 is reqmred to supply Iubrlcant
E directly into the housing 62, as opposed to the two lubricant supp!y plpes 32,34
reqwred to supply lubricant to each of the bearmgs 26, 28 in the flrst embodiment.
- Addltlonally the lubricant return pipes 44 and 42 of the flrst embodlment are
replaced by the Slmpllfied return 96 of the second embodiment.” The machining for
~ the lubricant supply pipe 92 fnay be much simpler than the machining for the two
lubricant supply pipes 32, 34. Fu‘rthen.'nolre, the ;qpply of Iubricant' to the hdu-s‘in‘g
| 62 can be unregulated, as the amount of lubricgﬁt contained in the housing 62 is
determined by the position of the inlet 98 of the drain 96. In cbmparison, in the
_ first embodiment some control of the rate of supply of lubricant to the annular |

channels 36, 38 may be required. .

In a modification of the first embodirhent, the inlet of the lubricant return-'pipe 42
may be positioned in a similar pbsitioh 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 conductlon path for transferring heat by conduction
from the rotary elements of the motor into the housing of the motor at both '

atmospheric and sub-atmospheric pressures.within the housing.

11



16. A notor according to any preceding claim conprising neans for
cooling the housing. 17. A notor according to Claim 16, wherein the
cool i ng neans conprises neans for conveying a cool ant about the notor
stator. 18. A vacuum punp conprising a notor according to any
preceding claim 19. A vacuum punp according to C aim 18, conprising
a gearbox, and wherein the lubricant supply is configured to supply

| ubricant to the notor fromthe gear ppams20. A net hod of renoving
heat froma notor rotor |ocated withinm a sub- atnospheric pressure
envi ronment during use of a notor conprising stationary el enents and

t I t t at ' e the
Crati nary! ol ement s AT chpBSRbrbP e i AR Yoy TRRbRts L oc e
wi t hin the housing, rcaat‘abtdﬁmlameaomehtanammg edarnpnts sthegtationasf élements

supported by bearings, and said notor L |, ocated on,th aft for
rotation relative tg ORESIHG ”ﬂ%%ﬂda f% §1PgREH P"’éiﬁl'i‘gtne housing,

suppl yi ng to the hodad g mtandidmant ofoﬁfprismg'a sl &%ddﬂl%dhﬁ%éd?%sand

for filling an annul ar channel defined between one he Stationary
el enents and one of 20f& MYCAFIIoEIPERIEHI the Shéﬁrfr‘i"'a’olv?élé‘ﬂ f@'@ﬂﬂ%tﬂih@n

path between stati opakyr Q8@ MbRbSHER “fl’?g%’ ﬁg?pnﬂR%gr"ﬁeat oling

one of the stationary elenments to-renove t has
been conduct ed acrob_@ngaﬁng thatbiearings; characterised in that one of the statlonary

elements defines with one of the rotary elements an annular channel
for recelwng lubricant from the lubricant supp[y to form a heat
conduction path between stationary and rotary etements of the

rmoftor.

2. A motor according to Claim 1, wherein the annular channet is defined

by the motor stator and the motor rotor.

3. A motor according to Claim 2, wherein 'the lubricant supply is
arranged to supply lubricant into the housing to pamally submerge

the motor rotor

4. A motor according to Claim 2 or Claim 3, wherein the lubricant supply

is arranged to supply lubricant directly into the housing.

5. A motor according to Claim 3 or Claim 4, comprising means for

controlling the amount of lubricant contained within the housing.

6. A motor according to Claim 5, 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. '

12



21. A net hod according to Caim20, wherein the lubricant is supplied
to the housing to fill an annul ar channel defined by the notor stator
and the notor rotor. 22. A nethod according to Caim2l, wherein the
| ubricant is supplied into the housing to partially subnerge the
notor rotor. 23. A nmethod according to Claim?21 or Claim22, wherein
the lubricant is supplied directly into t he housing. 24. A nethod

according 0 G ai m 22m8f0 Getbffirdro %I%nﬁé@t@ﬁ%ﬁéreﬂf th'e%a'nﬁ%hre .

contained within the housing is cont thod accor

Cl ai m 24, wherei n | pbsitioaed ta secawaultnmbaht thmowh dyHbe siaigr rbyorawltﬂrmlatnon
havi ng an inl et Ioc%gﬁ_% él'%ﬁitinal |y between the annul ar channel and the
shaft. 26. A nethod o) g to any of Cains 22 to 25, wherein the
bearings are positioned to receive lubricant thrown by the notor
rotor wit h8 rotati OnAOr;o{or;%cgo%mg to Claim 1, wherein the annular channel is defined

by the housing and the shait.

9. A motor according to Claim 8, wherein the motor rotor is located

between two said annuiar channels.

10. A motor according to Claim 8, wherein each annular channel is

located axially between the motor rotor and a respective bearing.

11. A motor according to any of Claims 8 to 10, wherein the lubricant
supply is configured to supply lubricant directly into the or each

annular channel.

12. A motor according to any of Claims 8 to 11, wherein an additionai
annular channel is defined by the motor rotor and the motor stator.

13. A motor according to Claim 12, wherein the additional annular

channel is arranged to receive lubricant supplied by the lubricant

supply.

14. A motor according to any of Claims 8 to 13, comprising means for

draining lubricant from the housing.

15. A motor according to Claim 14 when dependent from Claim 12,
wherein the means for draining lubricant from the housing has an
inlet located radially between the additional annular channel and the
shaft.

13



27. A nmethod according to Caim 20, wherein the lubricant is supplied

to the housing to fill an annul ar channel defined by the housing and
the shaft. 28. A nethod according to Caim27, wherein the | ubricant
is supplied to the housing to fill two said annul ar channels, the

notor rotor being | ocated between said annul ar channels. 29. A nethod
according to C aim 28, wherein each annul ar channel is |ocated
axially between the notor rotor and a respective bearing. 30. A

met hod accth.di ng toﬁanm;btanfacéﬂ)laimgsto%ytme(z@ding\/amm; cornprsihg hrdacaror i s-

suppl i ed d| rectly i rétoglll;[ght%e%orﬁgl ar-  channel .

17, A motor according to Claim 16, wherein the cooling means

comprises means for conveying a coolant about the motor stator.

18. A vacuum pump comprising a motor according to any preceding
claim. ' '
19. A vacuum pump according to Claim 18, comprising a gearbox,

and wherein the [ubricant supply is configured to supply
lubricant to the motor from the gearbox.

- 20. A method of removing heat from a motor rotor located within a sub-
atmospheric pressure environment during use of a motor comprising
stationary elements and rotary elements rotatable relative to the
stationary elements, the stationary elements comprising a hoﬁsing‘
and a motor stator disposed within the housing, and the rotary
elements comprising a shaft supported by bearings, and said motor
rotor located on the shaft for rotation relative to the motor stator, the
method comprising supplying to the housing a lubricant for lubricating
the beérings and for filling an annular channel defined between one
of the stationary elements and one of the rotary elements to form a
heat conduction path between stationary and rotary elements of the
motor; and cooling one of the stationary elements to rémove from the |

motor heat that has been conducted across said path.

21. A rhet_hod accOrding to Claim 20, wherein the'_IUbr'icant is 'suppf[i.ed,to. '
the housing to fill an annular channel defined by the motor stator and

the motor yoior._.
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31. A nethod according to any of Clainms 27 to 30, wherein the

| ubricant is supplied to the housing to fill an additional annul ar
channel defined by the notor stator and the motor rotor. 32. A method
according to Caim31, wherein lubricant is drained fromthe housing
by a drain having an inlet |ocated radially between the additional
annul ar channel and the shaft. 33. A nethod according to any of
Clainms 20 to 32, wherein the-housing is cooled. 34. A nethod

accordi ng 2 O ai m g8meitist ataerding th GisginrRy , wheceioltee Ilkb,ncant:le(su;apﬁed

conveyed about the r%?ﬁe %B&.Rb to pamally submerge the motor rotor.

23, A method'ac‘c'ording to Claim 21 or Claim 22, wherein the lubricant is
supplied dire_ctly into the housing.

24. A method according to Claim 22 or Claim 23, wherein the amount of

lubricant contained within the housing is controlled.

25, A method according to Claim 24, wherein lubricant is drained from
the housing by a drain having an inlet located radially between the
annular channe! and the shaft.

26. A method according to any of Claims 22 to 25, wherein the bearings
are positioned to receive lubricant thrown by the motor rotor with
rotation of the shaft.

27, A method according to Claim 20, wherein the iubricant is supplied to
the housing to fill an annular channel defined by the housing and the
shaft.

28. A method according to Claim 27, wherein the lubricant is supplied to
the housing to fill two said annular channels, the motor rotor being

located between said annular channels.

29. A method according to Claim 28, wherein each annular channetl is

located axially between the motor rotor and a respective bearing.

30. A method according to any of Claims 27 to 29, wherein the lubncant

is supplied directly into the annular channel.
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31.

32.

33.

- 34.

. A method according to any of Claims 27 to 30, wherein the lubricant

is supplied to the housing to fill an additional ahnular channel defined

by the motor stator and the motor rotor.
A method according to Claim 31, wherein lubricant is drained from
the housing by a drain haying' an inlet located radially between the

additional annular channel and the shaft. -

A method according to any of Claims 20 to 32, wherein the housing

is cooled.

A method according to Claim 33, wherein the housing is cooled by a

coolant conveyed about the motor stator.
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