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This-dnvention relates to rotary el ectric machines 5;@hé§“b§% ggecifically,
._5SHQL% el ectric machines having liquid cooled rotors and an air vent path
for nting air entrained in the liquid_,coolant to the stator-air gap to
prevent the accunulation of liquid cool &nt t her ei n. Background Art 10
In order to nmaximze the capacity of various rotary electric machines as,.
. for exanple, generators, it igraleséppebecEReRAPWRIE |1 quid cooling for
vari ous conponents such as w4 AR VERP pégnnzg,ghp IS not uncommon to
spray a liquid coolant sucl~as oftomnm tine end Io turns of stator w ndings.
In many instances, this does not pose a particular problem However, in the
casebof hi gechpded Y tiagdd nachi nes, the liquid coolant may enter the air
gap between the,LqQtor 5 he s T £t Al of the
cool ant produceg}%sza e d'Er"‘a%n é?%%éésn@?hégﬁécﬁﬁ gevg\n%?ﬁ@t %%‘%ﬁ?@q'uegce
that tife | epdemoreusaedificaklyls aporanynelecsrisy Backhis®s] hawingdcrease in

copaci, Ay cludichonelap abnateventooasby ao ki whdy,

- _ ypi y. resorted to the use of .one or nore physica

barriers tﬁ&t"-’zfrié‘q%tsg? p%%%dl BB cFoPhank F9i ﬁ§§ lf&iar’fj’rc'tﬂ}trec?'&ﬁoél‘i he air

gap for thprievemseahd sgraummunlatjonhefl ldgquddc coicdaintf dradesavel ing to the

air gap. In addition

o Background Art _

- 10 In order to maximize the capacity of various rotary
electric machines as, for example, generators, it is

desirable to provide liquid coocling for various

components such as windings. For example, it is not

uncommon to spray a liquid coolant such as oil on the end
15 turns of stator windings.

In many instances, this does not pose a particular
problem. However, in the case of high speed rotary
machines, the liquid coolant may enter the air gap
between the rotor and the stator. The resulting churning

20 of the coolant produces sizable drag losses on the
machine with the consequence that the losses caused by
such drag minimize or even exceed the increase in {
capacity achieved by ligquid cooling.

In order to solve this difficulty, the prior art has

25 typically resorted to the use of one or.mo;e'physical
barriers that are interposed between the windings being
cooled and the air gap for the purpose of preventing the
liquid coolant from traveling to the air gap. In addition
to complicating the construction of the rotary electric

30 machine, such barriers may also have an effect on its
efficiency in that their presence freguently tends to
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to conplicating the construction of the rotary electric 30
barriers may al so have an effect on its efficiency in that

frequently tends to 2 increase the length of the nagnetic flux path thus

reduci ng nagnetlc efficiency of the device to sone extent.
i nvention is directed to overcom ng one 5 or ndre of the
Summary of the Invention It is the principal object of the
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A gas vent

passage opening to the aI£ ﬂépthé fﬁal”oﬁﬁécioéfrtﬁédthéﬁﬁﬂéﬁeiogas

to the air gap to drive, ui ool ant thel eat
gap provi e a ne ang fﬁproveg ie

rotary electric machine provided with a

1qui cooieé rogg in a

un;que air vent

L;f 10 to prevent the build-up of liguid coolant in the

rotor-stator air gaps.

An exemplary embodiment of the invention includes a

stator with a rotor'journalled for rotation relative to
the stator about an axis of rotation. Electrical

15 windings are carried by at least one of

the rotor. The rotor also includes a fluid inlet.

the stator and

including a cooling liquid flow path are located in the
rotor to interconnect the inlet and an outlet, the liquid
flow path being in heat exchange relation to the windings
20 with at least a part'thereof'displaced from the axis of.
_rotation. A gas vent passage opening to the air gap is
located in the rotor and introduces gas to the air gap to

o o drive any liquid coolant thereat out of

the gap.

In a highly preferred embodiment, the vent passage

25 is sized to prevent substantial flow of

a liquid.

Means

. Preferably, the gas vent is interconnected with the
cooling liquid flow path in such a way that gas entrained
in the coolant or introduced into the rotor with the

coolant ;:e'separated'during operation of the device by

30 centrifugal force.



In a highly preferred enbodi nent, the vent passage 25 Is sized to prevent
substantial flow of a liquid. Preferably, the gas vent is interconnected -
mnthéggf cooling liquid flow path in such a-way that gas entrained in the v
ool or introduced into the rotor with the coolant are separated during
operation of the device by 30 centrigugal force. 3 O her objects and
advantages wi Il becone apparent fromthe follow ng specification taken in
connection with the acconpanying draw ngs. Brief Description of the Draw ng
5 The Fi @thern objjexs ianndhladvantades widkhirbecdm tappanercthi ne,

speci fical t ‘aagg ' ' : 1NV on with

certain coérr)ggﬁeéﬂmegr} ﬁ? s‘?’éﬁnat schemat i c ¥g‘{rrg1%ééﬁ'ééﬁ6cfg ‘Nﬂ Carrying

Qut the Iﬁ#@hﬁQﬂ?@Rﬁnylng dxawdbngfr ary enmbodi ment of a rotary electrlc

machi ne made according to the invention is illustrated in the drawing in

the form _ However, it should be understood #hat
PGt : - y in other types of rotary

el ectrBc 15 mmﬂa rmsguderies ra rﬂcmicuml wu;vbyoﬁ a |1:p|ulr3coelemtzw| ch may

entrain g des a stator
armat ur e, %%gc}er esl gnaafﬁgE %q.; aw%g a s core ‘_Lz’ngvmélndl ngs 14, and
‘a rotor/ staaeRTed nq gfé:p inyentinn with %srt ecmp&ts shown

in somewhat schematic fo:m.

Best Mode for Carrying Out the Invention - o/
10 An exemplary embodiment of a rdtcry electric machine
' made according to the invention is illustrated in the
drawing in the form of a high speed alternator. However,
it should be understood that the invention can be
employed with efficacy in other types of rotary electric
15 machines wherein rotor cobling by a liquid'coolant which
may entrain gaées is employed. The rotary electr;c
machine includes a stator armature,. generally de51gnated
10, having a steel core 12, windings 14, and a ,
rotor/stator air gap 16. Bearings such as those shown at
20 18 mounted on a housing component 20 serve to jcurnal a
rotor, generally designated 22, for rotation relative to -
the stator 10 within the gap 16 for rctaticn about the
rotor axis. | | | -
In the particular form of the machine illustrated,
25 the alternator is of the so-called brushless variety and
includes windings 24 extending from end to end of the
rotor 22 as illustrated. The windings receive a direct
current to generate a magnetic field which in turn
rotates upon rotation of the rotor to induce current in
30 the windings 14 of the stator 10. ' '
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20 18 nounted on a housing conponent 20 serve to journal a rotor, L
general |y designated 22, for rotation relative to the stator 10 within the ;I:;
gdp 16 for rotation about the rotor axis. In the particular formof the .-~

machine illustrated, 25 the alternator is of the so-called brushless e
variety and includes w ndings 24 extending fromend to end of the rotor 22
as illustrated. The windings receive a direct current to generate a

magnetic field which in dpg eded At ffc LPds Pt EIL LD Dl1de'e g@ndFaibyi nduce
C 10 20t he Jeofhieed G€! S%nh LAk % o tiuid b SLeh, | GEREETLS
general 'y desi gnat ate€iynared 28 ppposthe eppositd | endl. systfluidcsystey a
D s weeham G TR 08 o6 LiER ALty pnld Lholif Ha:
enpl oyed. The i%l ettlss quteleticdB e Heh®einbeat 26 hi A theat cesehanger (not
S Coeral 1) b oD, (peast it s R iid b of13 00 chmpley el e
chanber 34 a%d t he ex?t {hi%kgékm§qﬁi%€ﬁﬁe%$%ﬁPW%F¥h%gﬁﬁ%ﬁhgﬁ Bhenkaker.
igzcl,)uginggr Zdir glt ?r yilcocahtmig:ughél _afi;ltéxtnvngiq oisphﬁ?oih stBB, radﬁamhynbgter
platg 44, the %Pgrt r'e ﬁ%{k é?rﬁ%é%?gﬁ-%%?ndéghér&fﬂ§ §$é¥3f§y eREhath
10- ‘entrance ports 38 interconnect the chamber 34 and the
i*j exit enéd of a tube 40 connected to the pump 30 by means
including a rotary coupling.
Axially inwardly of the ports 38, the chamber 34
opens radially inwardly in exit ports 42 to a centraily
3 apertured plate 44, the aperture in the plate 44 being
concentric with the rotational axis of the rotor 22.
'Radial passages 46 extend generally radially
outwardly from the rotational axis to allow liquid to
_ flow into heat exchange relationship with the end turns
20 of the windings 24 and through passages defined by the
interstices between windings extending axially along the
rotor to the opposite end turns whereat the coolant may
emerge in a central chamber 50 concentric about the

S | rotational axis of the rotor 22. A flow path including
25 an orifice 52 interconnects the chamber 50 with the
ocutlet 28, -

As seen in the Figure, generally radigl passages 53
in alignment with the end turns of the stator windings 14
extend from the radial passages 46 to the periphery of
30 the rotor 22. As a consequence of this construction,
| coolant may be directed at such windings 14 for cooling
purposes. Similar passages 54 interconnect to the
central chamber 50 at the opposite end of the rotor for



concentric with the rotational axis of the rotor .22. Radi al passages 46
e eQ generally radially outwardly fromthe rotational axis to allow
- d to flow into heat exchange relationship with the end turns 20 of

t he wi ndi ngs 24 and through passages defined by the interstices between
wi ndi ngs extending axially along the rotor to the opposite end turns
wher eat the cool ant nay energe in a TentTal chanber 50 concentrlc about the
rotational axis.,of t rotor, é% | ow %F |nclud| an orlflce 52
i nt er conne8PE¥HBICH ﬁb%?pgﬁl ﬁn?h%ufﬁé |}ﬁtﬁk i gure,
general |y eadlahtpassages 53 in alignment with the end turns of the stator
w ndi ngs 14 extegpd gg ﬁ# pass o) lppery of 30 t he
rotor 22. As aﬁgoﬂé%8§1%PgV£ % 5 g%n ruc?ﬁ%% d%%g H§§ be directed
at such mnﬁaﬁﬁgetlﬁh¢011@@b¢|ﬂ@ob@$bo§%%n9SN%¢¢at0p@@%hge%65qn¢nterconnect
to the centﬁ@hscbantseem@neérme Qﬂé’oéifegﬁ_&dlé’fof hej ¢ Oét%hf@éola
sprayi ng the opposite end turns” of the w ndi ngs W th cool ant. %G
preV|oust,°F§ -8 ﬁ?ﬁﬁl§1B§5+F%5V%Ytﬁpp?%%e%&rt$épl1ﬁU|H°C%%¢%%tt%%lng used
to cool thgamgdtd be promstly fémedltﬁdilil@oidlehfqh @bdg 1bosesi f such
cool ant do Ln.fact %ln y.to QF | L t o cause thﬁ sane to
be pronptl§ 3ﬁ%v§g P vo?%§h¥€'°%r%%° d%é%%gigug% %? he R ?ng of
such cool afuringt mnachinegoperstion. To this end, the rotor 22 is
10 provided with a vent passage 56 having an opening 58 on
the rotor periphery to the air gap 16, generally i;}
centrally thereof. The vent passage 56 also has an
6pposed end 60 which opens to the center of the radial
passages 46 and thus is in fluid communication with the
15 chamber 34. The end 60 is on the axis of rotation of the
rotor 22 for purposes to be seen. _
During operation of the machine, gas, usually in the
form of air, will be expelled via the vent passage
through the end 58 at the center of the air gap 16. Such
20 air will, of course, move any accumulated coolant in the
air gap axially outwardly of the air gap should any be
present, and further, will prevent any coolant adjacent
the air gap from moving axially inwardly into the same to _
cause undesirable drag losses. ' N

25 Gas for the purpose is typically available in the
form of air entrained in the coolant being circulated
_throﬁgh the ptevioﬁély described flow path. Alternately,
it may be introduced to the flow path by means including
'ports 62 in fluid communlcatlon ‘with the passages 38 and

30 an adjacent chamber 64. '

In eithér:event; the gas so introduced is separated
from the liquid cooiant by centrifugal force during
operation of the machine. The coolant,'usually.oil, has

¥
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during machi ne operation. To this end, the rotor 22 is 10 provided with a..
vent passage 56 having an opening'58 on the rotor periphery to the air gfﬁi:}
16, generally centrally thereof. The vent passage 56 al so has an opposed '
end 60 which opens to the center of the radial passages 46 and thus is in
fluid conmuni cation with the 15 chanber 34. The end 60 is on the axis of
rotation of the rotor 22 for purposes to be seed.-During operation of the
machi ne, gas, usually in the.formof air, will be expelled via the vent
passage through t heachigher sdengity chpan »irtWethi Eheapenseqmeree 2that the

will, of course, nMO¥gnePYra§&YMEGAEEUCEP9ESNENE NSARE €6 'mPGPa B PAdYally
outwardly of the air gﬁgrshould any be present, and Eurthe will - prevent

any cool ant adj acenP4 aty BApthe orn et Por BXPRF 19 iFh%fé*?wiﬂ? t h@2¢iRg
to cause _undesirabl ehdragr!| 8ssg&sra@bally inwat@sideatide. purprss, i She air

typicalf? avai lable_in.the formof,air entrained.in_th ool ant_bein

P L B oo ek 'Eo! SEEMBIALL SRUERL NERiL ot EoERRIBN o BPLRY, rorar
be introduced to thehérewipandy bireetnstloe| vadey poetprésunization of
communi cation with RHSoﬁi‘ﬁéan‘g 38 d@ﬂﬁ' BxilidPy a0 88t e CHGHPEE €4 thd end

either event, the gas so I htroduced IS separated Tromthe |1 quid coolant by

centrifugal force dfPifR§ bperverbrPassage RRCPEnkorcedqehepethreuahsand v

oil, has -6- a hegleegedepomt Yhé oenti suviét $8e CORSSPUERS echiwabet h®6 and
.. 10 the construction of components including the opening 44
o and the radial passages 46 act as an air-oil separator

carried by the rotor itself.
It is to be noted that in the usual case, the
flowing air will be a minor percentage of the total flow
15 of fluid and by using conventional compressible fluid
flow caculations, the cross sectional dimension of the
vent passage 56 may be determined so-as to make it
sufficiently small as to create a sufficient back
pressure to preclude the entrance of liquid coolant
20 thereinto. Similarly, the spray passages 53 and 54
should be of sufficiently small size as to create a
sufficient back pressure to liguid coolant flow as to
prevent air from exiting such passages as the same would
interfere with the desired cooling action provided by the
25 liquid coolant.
From the foregoing, it will be appreciated that a

L

rotary electric machine made according to the invention
incorporates the desirability of liquid cooling of
windings in a high speed rotary electric machine while
30 avoiding the deleterious effects of the entry of liquid
coolant into the stator-rotor air 'gap. Moreover, this
accomplishment aoes not require the presence of special
barriers which may decrease the magnetic efficiency of
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centrifugal force causes the sanme to mgrate radially outwardly to the

ogﬁzy portions of the flow path leaving the air.at-a radially inward Iy
| ggiali on. Thus, the air 5 tends to accunulate on the axis of rotations
he rotor where it may freely flow under the pressurization of incom ng-
oil or any auxiliary pressure. source fo the end 60 of the vent passage to
be forced therethrough and energe fromthe vent outlet 58. Thus, the

chanber 3 . t i f S kN dj t he openi ng

34 and tnoTS Ao iee Bufeistietl . Mhe' s SUBRPER ok ML hih, e 0U° e
rotor itset¥quid geclanpassures tmaxinymieeoling| effieieney sinoeng air

wi b;e,ag@%immﬁwﬁcﬁng&rﬁé@tmtﬁ:%uéive% fgiémzﬁle@ndt by U|SI ng
conventi onal). coppr essi ul ow .cacul atj ons e CI0SS sectiona

di mensi on DU CRATANS RSYIRG 2 RISHEF BERE FARICLEY (ERSR AiKetet

suf fi chentdgswnalhaximin coching afenfdigiven valumerefsfileidozpssed uglﬁ t he
entrance L Ol 0 thereinto. Simlarly, the spray pa#sages
53 and 54% %%F%&%é(\‘gﬁ%?%bi ently small size as to create a sufficient
back pressure to liquid coolant flow as to prevent air fromexiting such
passages as the sane would interfere with the desired cooling action

provi ded by the 25 liquid coolant. Fromthe foregoing, it wll be
appreciated that a rotary electric machine nmade according to the invention

i ncorporates the desirability of liquid cooling of windings in a high speed
rotary electric machine while 30 avoi ding the deleterious effects of , -, -
the entry of liquid coolant into the stator-rotor air gap. Moreover, thiS\s



B

acconpl i shment goes not require the: presence of speei-al barriers which may
decrease the magnetic efficiency of. 7 the device. Furthernore, the

separation of air fromthe |iquid cool ant assures
efficiency since the wi ndings are contacted mnth rel

cool ant having a higher heat capacity than aito 5 Assuré mxi fruni cool i ng®

for a given volunme of fluid passed- - over such w ndings. Clains In a
rotary electric machine, the 2 conbinationégéguggstator; 4 a rotor
havi ng an out ernost periphery spaced from ator by an air gap and

journal l ed for

rotation 6 relative to the stator about an axis of rotation;

Fotor: a fluid infet onad totor: B & For¥ey Racke linden®it SFhe o,
spaced from sa?d fqamhinatian ofx means, including a cooling liquid
flow patfr in said rotory id¥ffgzannecting said |nlet and outlet, said 14
| I quid flow pa&h be| ng Ian hoet%r avhi%n eamr %u({[elr%%stto pse%idphery spaced from
said stator by an air gap and journalled for rotation
6 relative to the stator about an axis of rotation:
electrical windings carried by at least one of said
P 8 stator and said rotor:;
K/ a fluid inlet on said rotor:;
10 a fluid outlet on said rotor spaced from said fluid
inlet;
12 means, including a cooling liquid flow path, in
. said rotor 1nte?connecting said inlet and outlet, said
14 1liquid flow path being in heat exchange relation to said
windings with at least a part thereof displaced from said
16 axis of rotation; and
a gas vent passage in said rotor for said liquid
18 flow path and opening at said outermost periphery to said
air gap.
2. The rotary electric machine of claim 1 wherein
i 2 said vent passage is sized to prevent substantial liguid
cooclant flow.
: 3. The rotary electric machine of claim 1 wherein
2 said vent passage is in fluid communication with said
inlet.
4., In a rotafy-electric machine, the combination
2 of:

a stator;

HE .



rot at j-on; Wﬁ sage in said rotor for said liquid 18 flow
pat h{ | op ““; oWt ernost periphery to said air gap. 2. The rotary %
- elecyy nmachi n& of claim1 wherein 2 g said vent passage is sized to
prevent substantial liquid coolant flow. 3. The rotary electric nachine of-
claim1l mherein 2 said vent passage is in fluid conmunication with said
inlet. 4. In a aotetygreljoenrnatledciforcrotheionnbedatior Zoofthea stator;

9 a rotor I oL.r t t Qyt an axi s of
rotatlgn a%ggéggcégg?%o%¥sgkgk ? Egkgk&sﬁ Eﬁd anéeg i gglectrlcal

wi ndi ngs CQP#FQE by an pégsgapme of sald st at or and said rotor; 8

means @efining aigeerisgll kﬁlHBQnElsOWaE%&Qd' Byl B¢ 1ehdt ¥ne bE aals exchange
relation to said wigdin extendi ng across said air gap; and neans
for directPhg*gas2P ga 59F°§ap to prevent 12 cooling liquid from . -

enteri®g the sameans. déﬂzaangtar;oeﬂ&agr&dqﬂ&ahfnew plachcdmbitkat i on 2whf :
rotor and in heat exchange relation to said windings and
10 extending across said air gap; and
means for directing gas to said air gap to prevent
12" cooling liquid from entering the same.

w ndi ngs mnth at IeastH@ t t hereof displaced fromsaid 16 axis of

5. In a rotary electric machine, the combination hd
2 of: '

a stator; .
4 a rotor separated from said stator by an air gap and

journalled for rotation relative to the stator about an
6 axis of rotation; | | |
electrical windings carried by said stator;
8 means defining a cooling liquid flow path in the
rotor in heat exchange relatibn to said windings and
10 displaced from said axis; and
- a gas vent in said rotor to said air gap and in
12 fluid communication with said liquid flow path and
having a portion located substantially on said axis of W
14 rotation, said vent passage having a cross sectional area
that is a minor fraction of the cross sectional area of
lé said liquid flow path to'pfevent substantial flow of
liquid therethrough, said liquia flow path and said vent
18 passage being in fluid communication with each other by a
connection disposed substantially on said axis of
20 rotation, whereby liQuid and gas are separated from each
other by centrif-gal force with the gas passing to said
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a stator; 4 a rotor separated fromsaid stator by amarr—gap-and _ C
('S

journalled for rotation relative to the stator about is of rotatio
el ectrical windings carried by said stator; 8 @ﬁtu ”'ﬂlgm
cooling liquid flow path in the rotor in heat exchanges L d .

wi ndi ngs and 10 displaced fromsaid axis; and a ¢&# vent in said fotbr to
said air gap and.in 12 fluid conmunication with said liquid flow path and

having a portion | ocated substantially on said axis of 14 rqtatiqn, said
vent passage having #i& &P &9 Ig/%deé’%ttq §r§vrﬁ“r$or°9°ﬁﬂq 37?‘%184 & om
cross sectional area adcumulataing lingwhe fdame.path to prevent substanti al

flow of liquid therethrough, said liquid flow path and said vent 18 passage
being in fluid comunication with each other by a connection di sposed
substantially on said axis of : i na gas are

separ at®d from each other by centrifugal force with the gas passing to said
10 air ‘g-ap through said vent- to prevent coolant liquid fromaccunulating in

t he sane. -
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