"HI &H SPEED GENERATOR ROTOR O L PATH Al R VENT Technical -Field Thig'i%v%r%'i%z
relates to rotary electric nmachines, 5 and nore specifically, rotary
.electric machines having liquid cooled rotors and an air vent path for
‘venting air entrained in the Liquid coolant. Background Art In order to
maxi m ze the capacity of various rotary 10 electri'c machines as, for
exanmpl e, generators, it is desirable to provide liquid cooling for various
cohponents such as wi ndings. tn many instances, this does not pose a
.particul ar problem However, in the case of rotary electric machings having
rotor windings 15 requiring cooling, a problemmay occur in viemigj t he
fact that the coolant, frequently oil, seldomis totally free fr

entrai ned gases such as air, and the further fact that the cool ant passages
are displaced fromthe rotati ondIGRX$SBEEDP GENERATOR. 20 As a
consequence, during operation RRT@ROFRcPAARE AIReVENFe dense oil tends to
collect in the high centrifugal force field spaced fromthe rotational axis
of the rotor while the |ess.dense air collects in the |ow centrifugal force
area surrounch nal axis of 25 the rotor. Since the coolant is
typically introducridis invehtiont veléves totpoyarpupleogriccadetinesxi al

w th the axi t] . ot e_a] b e e axis
o rotation i OEESREEEEICAELYD BorabyTeTbbrRtE hichThEkrhadlngC

cool ant passdgetnifl sgoeted rotersrandyanhair vent path for venting air

entrained in the liquid coolant.

Background Art

In order to maximize the capacity of various rotary

10 electric machines as, for example, generators, it is
desirable to provide liquid cooling for various
components such as windings. In many instances, this
does not pose a particular problem. However, in the case
of rotary electric machines having rotor windings

15 requiring cooling, a problem may occur in view of the
fact that the coolant, frequently oil, seldom is totally
free from entrained gases such .as air, and the further
fact that the coolant passages are displaced from the
rotational axis of the rotor. :

20 As a consequence, during operation of the machine,
the more dense oil tends to collect in the high
centrifugal force field spaced from the rotational axis
‘of the rotor while the less dense air collects in the low
centrifugal force area surrounding the rotational axis of

25 the rotor. ' _ -

Since the coolant is typically introduced into the
rotor by a rotary coupling located coaxial with the axis
of rotation of the rotor, the air bubble located on the'
axis of rotation may impede or halt proper flow of the

30 coolant to the coolant passages displaced therefrom with
the undesirable result of winding overheating.



t he undesirable result of w nding overheating.  -2- The present invention
Is directed to overconm ng one or nore of the above problens. Sunmary of the
I nventign The invention provides a rotary electric machine 5 conprising .
R rotor journalled for rotation relative to the stator and
ectrical wi ndings, a fluid inlat~and a fluid outlet both on the

r ot or, goling liquid flow path through the rotor interconnecting the
inlet amd’the outlet, the cooling liquid flow path 10 bei ng i n heat
exchange relation t [ L ndin ' | eas her eof

di spl aced fr-omthe gaége%féggégt?@%e%$9€%e9$o o%?cgn% gggéggﬁgﬁéiﬁésgﬁﬁe I n
the rotor intercofin®e¥engft Haejabpeye aprobhemsut | et, the connections of the
gas vent passage to the inlet 15 and the outlet being |ocated
substantially on_the axis_of rotation of the rotor. The air vent prevents

the build-up of SWMEREY O ERe InVeRtions of rotation of the rotor that

m ght i npede the fl orhefinvehedbntproepiast appssaggsel@btric machina hi ghly

carryi
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undesi rabl e cool B&tativey torthghs tator eand paasuyeng Tetechvioal owindings,
cont empl ates thaj Fi\eidnifietPind’a £1h08! 48818t BOEREn Y Fobbl! ok
di sposed in the chanber _ . .
cooling liquid flow path through the rotor interconnecting
the inlet and the outlet, the*cooling liquid-flow path
10 being in heat exchange relation to the electrical
windings with at least a part thereof displaced from
- the axis of rotation of the rotor, and a gas vent passage
in the rotor interconnecting the inlet and the outlet,
the connections of the gas vent passage to the inlet
15 and the outlet being located substantially on the axis
~ of rotation of the rotor. The air vent prevents the
build-up of an air bubble on the axis of rotation of the
rotor that might impede the flow of coolant to coolant
passages. _
20 In a highly preferred embodiment, the vent passage
is sized to prevent substantial flow of a ligquid to
thereby prevent bypassing of the liquid flow path due
to undesirable coolant flow through the vent passage.
The invention contemplates that the inlet may
25 include a chamber with a filter disposed in the chamber
along with generally radially oriented entrance and
exit ports for the chamber, the exit ports connecting
to both the gas vent passage and the liquid flow path.
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'aIOng with generally radially oriented entrance and exit ports for the
chanber, the exit ports connecting to both the gas vent passage and the
I|qU|d flom/path 3 Brief Description of -the Drawing The Figure is a
ectional view of a rotary electric machine, specifically a high peed
alternator, made according to the invention with certain conponents shown 5
i n 'somewhat schematic form Best Mde for. Carrying Qut the Invention An
e§5nplary enbodi nent of a rotary electric machi ne nade according to the/

ention is illustrated in the drawing 3 the formof a high speed N
alternator. However, 10 it should be understood that the inven can be
enpl.oyed with efficacy in other types of rotary electric machi wher ei n
rotor cooling by a liquid coolant which may entrain gases is oyed. The

rotary electric machine includes a stator arnmature, generally designated 15
10, having a steel core 12, windings 14. and a rotor/stator air gap 16.
Bearings such as. t hose shomn at 1B nounted on a housing conponent 20 serve
to journal i gnhat ed 22 for rotation relative to the
stator 10 ShELE MMt the 20 rotor axis. In the

parti ﬂ“ gr bf or m m‘u rﬁmml me al bulwwm v?tw a&fedrwbeigysnftddﬁc 4
t
_Sﬁdcgf tehe I’US Vmg{*l;gggllync qu% W._Nn 'f%‘clge ex{gg'l romen 0
o aecord;ng to the invention vith certain components shown
5 4n somewhat schematic form.

Best Mode for Carrying Out the Invention _
 An exemplary embodiment of a rotary electric machine

made according to the invention is illustrated in the
drawing in the form of a high speed alternator. However,
10 4t should be understood that the invention can be
employed with efficacy in other types of rotary slectric
machines wherein rotor cocling by a liquid coolant which
may entrain gases is employed. The rotary electric
machine includes a stator armature, generally designated
1510, having a steel core 12, windings 14, and a
rotor/stator air gap 1€. Bearings such as those shown at
18 mounted on a housing component 20 serve to journal a
rotor, generally designated 22, for rotation relative to
the stator 10 within the gap 16 for rotation about the
20 yotor axis.
In the particular form of the machine illustrated,
~ 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 windinas receive a direct
25 current to generate a magnetic field which in turn
rotates upon rotation of the rotor to induce current in
the windings 14 of the stator 10.
The rotor includes a fluid inlet, generally
designated 26, on one end and a fluid outlet, generally
30 designated 28, on the opposite end. A fluid system



rotor 22 as illustrated. The w ndinas receive a direct 25 current to
generate a magnetic field which in turn rotates upon rotation of the rotor
to induce ocurrent in the w ndings 14 of the stator 10. Thle rotor includes a
fluid inlet, generally desi.gnated 26, on one‘end and a fluid outlet, ()
general | y 30 designated 28, on the opposite end. A fluid system 4

|nclu;,-o d punp 30 and an air-oil separator 32 if desired recircul ate the
Ilquiv .co[ant fromthe outlet 28 to the inlet 26. A heat exchanger (not v
sho or cooling the coolant may al so be enployed. 5 The inlet 26

includeS a chamber 34 within the rotor. Agentrifugal filter 36 is disposed
in the radially outer part of the chanber 34. CGenerally radially extending

extrance portsnaﬁuamhgr aopaagt 3bhanah&mfoearu34nan¢et§&ﬁaﬁ dief a tube 40
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ports 42 to atOeﬁhﬂakh}e&péﬁburédhmaatcxehangeraﬂnntlshnwn#tﬁmrplate 44

bei ng concentghgy 'ghthgecbgt;@hltogg s> de %lr . 22. 15 Radi al
passages 46 exten agnergely radi al.l'y outwardly frémthe rotational axis to

allow ligBid to fI§ fe&f ARCHNRSS e i3S WithimctheFotens of
t he wi ndi ngs R4c6ﬁdrihﬁgﬂghfﬁ.dt%&ge$ 4% @ilspuidy :.a:XIalé Ye#d D1 ¥ heu €&t or

to the opp05|tergn t%ﬁgscwggﬁggl34 Generally radzally ‘extending
extrance ports 38 1nterconnect the chamber 34 and the
exit end of a tube 40 connected to the pump 30 by means

10 including a rotary coupl;ng._ _

_ Axially znwardly of the ports 38, the chamber 34
'opens radially lnwardly in exzt ports 42 to a centrally
apertured plate 44, the eperture in the plate 44 being
concentric with the'rqtatidnal'exis'of the rotor 22.

15 Radial passages'46 extend generelly radially
outwardly from the rotational axis to allow liquid to
flow into heat exchange relationship with the eﬁd turns
of the windings 24 and threugh passages 48 extending
axially'eloné'the rotor to the opposite end turns whereat

20 the coolant may emerge in a central chamber 50 concentric
about the rotational axis of the rotor 22. A flow path
including an orifice 52 interconnects the chamber 50 with
the outlet 28. | - -

As noted previously, the difference in densities

25 between the coolant, usually oil, and gas, usually air
entrained therein tends to cause the more dense oil to
migrate to radially outer portions of the flow paths-due
to centrifugal force during operation of the machine
whereas the air tends to collect on the rotational axis

30 of the rotor during such operation. As can be reaéily
appreciated from a consideration of the Fig., if the air
bubble becomes sufficiently large, it can impede the flow
of the liguid cooclant to the windings 24 and the coclant
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20 the coolant may energe in a central chanber 50 concentric about the
axis of the rotor 22. A flow path including an orifice 52
Jdnterconnects the chanmber 50 with the outlet 28. As noted previously,
‘dif ference in densities 25 bet ween the cool ant, usually oil, and gas
usual ly air entrained therein tends to cause the nore dense oil to pi
to radially outer portions of the flow paths due to centrifugal fo‘ &
dyrj ng operation of the machine whereas the air tends to collect om=4s
axis 30 of the rotor during such operation. As can be readlly
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appreciated froma consideration of the Fisg., if the air bubble becones
sufficiently large, it can inpede the flow of the liquid coolant to the
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let 58 to the chamber 50 and also located on the

rotational axis of the rotor 22. As a consequence of
this construction, the pressure of incoming coolant at
the inlet 26 will drive any forming air bubble into the
inlet 56 to the vent passage and along the same to exit
into the chamber 50 and be removed therefrom via the
outlet 28. At the same time, the incoming liquid
coolant, due to centrifugal force and the difference in
densities, will drive any air in the chamber 36 radially
inwardly toward the rotational axis and will spill over
through the aperture plate 44 into the passages 46 to
then flow through the passages 48 for the coolant and
perform the desired cooling action.

In order to prevent any bypassing of the coolant
passages 48 via the vent passage 54, the same has a cross
sectional dimension that is but a minor fraction of the
cross sectional dimension of the flow paths 48.

In the usual case, of the total flow of fluid, no
more than about 108 will be entrained air. By using
conventional compressible fluid flow calculations, the
cross sectional dimension of the vent passage 54 may be
determined. As a general practice, it should be chosen
so0 that it will always be able to convey the maximum
expected amount of entrained gas in the fluid being
circulated and no more. _

From the foregoing, it will be appreciated that a
rotary electric machine made according to the invention



into the chanber 50 and be renoved therefromvia the outlet 28. At the sane
time, the incomng liquid 15 coolant, due to centrtfugal force and the

difference in densities, will drive any air in.the chanber 36 radially §
inwardly toward the rotational axis and will spill over through the o
aperturgDphate 44 into the passages 46 to then flow through the passages 48

for thejcpohant and 20 performthe desired cooling action. In order to
prevent\|é bypassi ng of the cool ant passages -48 via the vent passage 54, \/
the san8_hgS a cross sectional dinension that is but a mnor fraction of

the cross sectional dinension of the ro%/ pat hs 48. 25 In the usual
case, of the total flow of fluid, no nore than about 10% w ||l be entrained
air. By usi CQNV. qpﬁ| rﬁ?ﬁi i LORS e Cross
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passages and yet assures adequate venting of air to

prevent winding ovérheating;



contan1nat|ng partlcles in the coolant are adeﬁuatel |tered so

prevent ultimate cloggi ng of cool ant passagj@l IH“M‘“"MM“ adequate < .0

yenting of air to prevent w nding overheati

CLALMS: 1. Arotary electric machine coppLi sing a stator, a rot
journalled for rotation relative to the stator and carrying loal
wi ndings, a fluid inlet and a 5 fluid outlet both on the r, a

cogllng liquid fégmgm@th through t he rotor |nterconnect|ng the inlet: and

the outlet, the ?ﬁld flow, g I n_heat exchan e relation to
the el ectri cal nd| gg HRER alerhhd aﬁ iPetﬁgwgﬁFsapgpPaEE tPronft he
axis of 10 r otatoonjofrhhkl edt bor motlatigasredatipessagehienstheorot or

nterconnecting (e Lo}EL: A0de] BEc QUL 1y LBENEANNECERADS 9haLhe Jgas svent

_passage to the ih eing loca ed substantially on the axis
of rotatidn of thbuidtewtlas botlr onathet npyoEkedt FPElinGhLAGuaEcEANg t O

claim1 wherein %Q@hgﬁﬁré’@é‘ﬁ PRESAGEOL SiAt&edohAePESHENEhaURS @R baly fl ow
of liquid theret roug revent by-passing_of _the coollng liquid flow

path. 3. A rotaryhe| @etlet, nﬁhﬁlﬁ%°hé€%rb%ﬂ51?ofépalR?E b6ing gRerein the
vent passage hash@atref6h&f§éi pePatdbRatbhehel 8lachrienlf wantiagsotvithe
cross-sectional ggefeast a part'thereof displaced from the axis of
10 rotation of the rotor, and a gas vent passage in the
rotor interconnecting the inlet and the outlet, the
connections of the gas vent passage to the inlet and
the outlet being located substantially on the axis

of rotation of the rotor.

15 2. A rotary electric machine according to claim 1
| wherein the gas vent passage is sized to prevent
substantial flow of liquid therethrough, to prevent
by-passing of the cooling liquid flow path.

3. A rotary electric machine acdording to claim 2,
20 wherein the vent passage has a cross-sectional area
‘ that is a minor fraction of the cross-sectional area
of the 1liquid flow path.

4. A rotary electric machine according to any
preceding claim, wherein the fluid inlet includes a

25 chamber, a filter disposed in the chamber and
generally radially oriented entrance and exit ports
for the chamber.

S. A rotary electric machine acé¢ording to any
preceding claim wherein the whole of the gas vent

30 passage is located substantially on the axis of
rotation of the rotor.



of the liquid flow path. 4. Arotary electric nmachine accor di ng to any

p :
precedi ng cl a:l]m,ummmnm luid inlet includes a 25 chanber, a filter
di sposeghin thd 5 g nerally radially oriented entrance and exit
ports he chafbef. 5. °A Fotary el eciglic ,machine according to any &
preced g;\: ai m wherein the whole of the . gas vent 30 passage i s |ocated
substanpi al/ly on the axis.of rotation of the rotor. L -8 6. Arotary.
el ectri

is spaced fromthe fluid outlet on the roto 7, Arotary electric machine,
susbltoanti ally partse%Eng'acels%Wbe"ﬁh%?Je? nt}iﬁt%l‘?’e‘? e’r’é%%*é ’f% £8P awni ngs.

from the fluid outlet. on the rotor. .

7. A rotary electric machine, susbtantially as
5 described herein with reference to the drawings.

rachigle aceastling d ediyiPresering seabraingeesi anyhe fluid inlet , .
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