LI QU D COOLED HI GH SPEED SYNCHRONOUS MACHI NES Technical Field This
invention.r-elates to liquid cool ed hi gh speed 5 synchronousﬁh&&hﬁi '+é$d

nor e -part
gener at or
fol |l ow ng

¥Cukarly, to rotary electrlc machi nes such as brushl ess
gtréackground Art Prior art of possible relevance includes the

nited States Letters Patents: 3,609,420 10 | ssued Sept. 28,

1971 to I nagaki et al; 3,629,627 and 3,629,634 both issued Decenber 21,
1971 to Dafler et al, 3,727,085 issued April 10, 1973 to Coetz et al; and
4,139,789 issued Feb. 13, 1979 to Hunt. High speeif“#hi gh power rotary
electrlc machi neg_have 15 | ong enpl odred 1iquid cooling of el ectrical

conponents to increagersf EooLENCHIGHSPEEDS SYRCRRGNODSY MABHENESTDI oyed and

generally fall int® two categories: One category I1s that of a confined
cooling systemwhile the other category is that of a non-conf.ined cooling

system 20

Confined cooling systens typically enploy fins, ducts,

tubes and the likes for conducting the coolant through the apparatus. This

“approach, whjle novidkn %ooling, has the di sadvantage of not permtting
direct contaégsggéﬁééﬁ-%gé-coolant and the sources of heat with 25 the
‘consequence of | eSbisf inveatiohexelatassitor Lilguidnicgioledehdgdi speed

ﬁggagﬁ[gg{e1s&ﬁ@h%EBBQEUhﬁcﬁﬁﬂb@yein%@ﬁ%&%aﬁiﬁkxkﬁiﬁkh§ | R reRERleX

ar enent n-confiped c st ens ve enhanced heat
transfer in © SF FREy™REPAPESISPE ﬁF&@PSGFy ﬁ@“§6‘§85ﬁ|ng nmedi um-wi t h

“the source of heat. However, they
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Background Art _

Prior art of possible relevance.includes the
following United States Letters Patents: 3,609,420
issued Sept. 28, 1971 to Inagaki et al; 3,629,627 and
3,629,634 both issued December 21, 1971 to Dafler et aly
3,727,085 issued April 10, 1973 to Goetz et al; and
4,139,789 issued Feb. .13, 1979 to Hunt.

High speed, high power rotary elegtric.machines have
long employed liquid cooiing of electrical coméonents to
increase efficiéncy. Various methods have been employed
and generally fall into two categories. One category is
that of a confined cooling system while the other -
category is that of a non-confined cooling system.

_ Confined cooling systems typically employ fins,
ducts, tubes and the likes for conducting the coolant
thfbugh the apparatus. This approach, while providing
cooling, has the disadvantige of not permitting direct
contact between the coolant and the sources of heat with
the consequence of less efficient heat transfer than
might be desired. Furthermore, the structure emplpyed
neceésazily results in a complex mechanical arrangement.

Non-confined cooling systems have enhanced heat
transfer in that they permit direct contact of the
cooling medium with the source of heat. However, they

i
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- 2 - have typically suffered the disadvantage of a high drag | oss 4
resulting fromthe cooling-nedi,umentering the air gap between novi ng

of~ the machi ne. Additionally, there may be insulation deterioration on
windings as a result of the 5 I npi ngenent of cooling oil at high

vel oci-ty on such windings. The present invention is intended to overcone
the difficulties heretofore found in non-confad red cooling systens of the
sort Trentioned above. 10° Summary of the invention The invention
provides a rotary electric nachine, co r|S|nq1|n conbi nation: a housing; a
stator within the houdiaNg sWBiFAt}YISWEf efed Fhe disadivangageppbva dedighi t h

wi ndings and a rotor-gag 1bBy PEEHI kg 8fﬁd?rt @hd @dolahgefleditmi n the
housi ng and | ocated w thin theﬁg enjn eri pheral.l ga ed°£r0n1the

armature by a first aP-gipndt r%&% wES WY iAYs B9 havi ng
an interior cavity; an@maunenarydéitamnalkyi|bhaietmawhbehonsuhgtamm
extending axially int geleica¥tidn SPLA YL NG %ngkghitnﬂfnﬁﬁés i ncl udi ng

at l.east one wi nding gnd  associated arnature carrie he rotor
within the cavPty and FRIPEFPEERHFRIING qqﬂaa§t§993ngﬁ}°E+EﬁEﬂT %HRP

cooperati ng nmagnet nearinddimgeted on the stationary elenent within the

cavily for gencrating el ool mhEahe SHEREindte idle 1200k oligR’ R0l o' O

wi ndi ng energl Zi ng ar mat ure and nmeans
the difficulties heretofore found in non-confined

cooling systems of the sort mentioned above.

I\ : 10 Summary of the invention

The invention provides a rotary electric machine,
comprising in combination: '

a housing;

a stator within the housing and including an
armature provided with windings and a rotor-receiving
opening;

a rotor journalled within the housing and located
within the opening and peripherally spaced from the
armature by a first air gap, the rotor carrying windings
20 and having an 1nterlor cavity;

a statlonary element affixed to the hou51ng and
extendlng ax1a11y into the cav1ty,

o . rotor w1nd1ng energizing means lncludlng at least
one winding and associated armature carried by the rotor
25 within the cavity and radially outwardly of the

stationary element and cooperating magnet means mounted
on the stationary element within the cavity for generating
electrical current for the rotor windings, the rotor’

: winding energizing'armature and the magnet means being
30 separated by a second air gap;

and a coolant supply system through the rotary
electric machine, comprlslna

first coolant passages in heat exchange relation

to the stator windings;



separated by a second air gap; and a cool ant supply system through the

r of/a el ectric machine, conprising first coolant passages in heat exchange
r tipon to the stator w ndings; second cool ant passages in heat .
extfange relation to the rotor windings; barrier neans in the first air gap
adj acent the stat.or for providing fluid flow isolation between the 5
stator--and the first air gap; nmeans_for supplying a liquid coolant to g
stator through the first coolsant 5a§séges; means for supplying the liquid
coolant fromthe first cool ant passages to a transfer tube between the 10
stationary elenent and the rotor and fromthe transfer - tube
both to the secondsespndmoqiandapessadest hnobgat rexichange digladtisd openi ngs

in the transtgrehebfotd® JiAiMsQr W nding energi zing nmeans; and neans for
preventing cool ant, fromentering th 1?, .second ajr éﬁﬁi uring

operation of the HR¥H IR Wﬁ?“&ngneﬁESd[ﬁﬁﬁF BTt H2P | AT, P e neans for
preventi ng cebatotr fowpmvicingg fllhédsétowdisolatiyn dosgweeseshet | east one

coolgnt ventnggg@rghgr{H%1fir%Qe @t Epgavity, | ocated radially inwardly of
the cavity 20 Perlp ery and T a |a||¥ outmardlékcﬁ t he second air gap.

Preferably the TR8BASEEOFUIPPLFHYYi ngal L4GR4dcEBPLRART t 8P tHhe Kt@tOT conpri ses
an inlet to theobghusting fidjsac evlolane padsagésthe stator and separated from

the first air gap Py, 1&g QAR yTRA 2 he 20 0qR1 80088 dnt £rom the
"first coolant passages to a transfer tube between the
10 stationary.element and the rotor and from the transfer ‘\;;
tube both to the second cooclant passages and through
radially directed openings in the transfer tube to
the rotor windin§ energizing:means;'an& -
means for preventing coolant from entering the
15 second air gap during operation of the machine.

" In one embodiment of the invention, the means for
pieventing coolant from entering the second air gap
comprises at least one coolant vént leading from - the
rotor cavity, located radially inwardly of the cavity

20 periphery and radially oufwardly of the second air gap.
Preferably the means for supplying
‘ ligquid coolant to the stator comprises an inlet to the
housing adjacent one side of the stator and séparated \;,
from the first air gap by the barrier means; and a conduit
25 in the housing leads from the side of the stator
through a conduit in the stationary element to the
transfer tube and thence to the second coolant passages
and to the roior'cavity.

Advahtageously~there is a '

30 conduit through the stationary element and the transfer
tube rotatable with the rotor which interconnects the rotor
and the conduit. The radially directed openings in the
transfer tube preferably comprise'spray means for
directing coolant at the rotor winding énergizing means

35 and associated armature.

Page -3a- follows



25 in the housing leads fromthe side of the stator through a conduit
in the stationary elenment to the transfer tube and thence to the second
coel ant passages and to the rotor cavity. Advantageously there is a 30
conduit through the stationary elenent and the transfer tube rotatable with
t he rotor which interconnects the rotor and the conduit. The radiall

di regted openings in the transfer tube prefergblLy conprise spray ne ' r
directing coolant at the rotor w nding energizing nmeans 35 an
associ ated armature. Page -3a- follows - 3a - Typically, the rotor is

journalled in the housing by bearings at opposite ends of the rotor. In a
preferred enmbodi nent, one ofypimalignduiles riotolrudes jatrhahbéd oire theerticusing
o) acent the bear) n9sy30niiPings e cppolth, Yhat oFens PAESE, | T N
Description of the DrBAfAgEre} embpdimentseonponfl thecarpduits o’t'bﬁ];ﬂdése@ttrl c

machi ne, speC| ficall ylaabfl&hé&ﬁﬁerﬁeﬁef GEenEBdEeaBGQfﬂh@Q d® dH a
i nvention; enl ar

|
i | lustrati ng ore neangg51f1?)l 3?/?&% 6 Iaé‘ﬁt nggggg‘raﬁdslegtﬁgyaemt e

same to lubricate the bearings.



wi ndings; Fig. 3 is an enlarged fragnmentary view illustrating one neans of
providing lubricant to windings carried by 10° the rotor; Fig. 4 is a view
to Fig. 3 showing an alternative neans of prOV|d|ng coolant to )
ndings; and Fig. 5 is an epharged viewillustrating a means 15°

coolant .my be enployed to lubricate bearings and yet be;prevented
6n An ‘e,

exe”p'éry end gnﬁatigf seekabxasleﬁsalsf”BCPbesrgorﬂaéezéecord'ng to the

invention in t formaf a_brush|ess generator 'S ustrated in the
dr awi ngs ™3G81iRerh SPEFéfdfad I aFPguUShlpES BRReTAtPRe| BAR®a housi ng,

gener al | pcdexddngt ¢d the Iheehcdenng 10, at one end, ‘includes an end cap 12
provigded wth cegtzal .qp | are di sposed.
't opposi Fa%nd 8¢ PRoSA3acRd FRaohHntlby sBEBIbRAT dhef P 1\ ST ecess
18 for rdddustretingapnagheans AfrBFGPldQEEe¢Qﬂlyn§e§¢gﬁéﬁé@r22 has its
opp05|tequa§nbggrnalled I n the bearings 16: and 20 within'the 30 housing
10. Wthin th? hou 10 is.a stgtg hﬁg ﬁ é eSLgPated 24 including an
armature 26 pfFddrd d i BR RPARFASS 38 §r§n 1B hELUBEERE R i ng from
opposi t eone pedss of providingulubzdcamhetarwindinggocarsibed oy udes a
centyjdl ep@NkREod2 t hrough which the rotor 22 extends but is spaced '

therefr0ﬁ1by g sqalllgerlegg&aglmliag go ézg‘ 3 showing an

alternative means of providing ccolant to rotor windings; _
and \J
Fig. 5 is an enlarged view illustrating a means '
15 whereby coolant may be employed to lubricate bearings and
yet be prevented from enterling an air gap.

Best Mode For Carrying Out The Invention
An exemplary embodiment of a rotary electric machine’
20 made according to the invention in the forﬁ cf a
brushless generator is illustrated in the drawings and
with reference to Fig. 1 is seen to include a housing,
generally designated 10. The housing 10, at one end,
includes an end cap 12 provided with a central opening 14
25 in which bearings 16 are disposed. . :
At the opposite end of the housing 10, the same \:)
includes an internal recess 18 for receipt of bearings
20. A rotor, generally designated 22, has its opposite
_ . ends journalled in the bearings 16 and 20 within the
.30 , housing 10. _ -
a Within the housing 10 is a stator, generally
designated 24 including an armature 26 provided with
windings 28 having end turns 30 extending from opposite




Wthin the housing 10 oppositely of the end cap 12 Sis a radially inwardly
directed web 36 having its radially inner end 38 provided with radially

i awar dl y openi ng grooves 40. Ovring seals 42 are disposed within the.
grooves 40. The end cap 12 includes radially outwardly opening 10 v es
44 receiving simlar Orings 46. A cylindrical, liquid inpervious W%Egzér
48 iks,fitted within the opening 32 in the arnature 26 so as to abut

| atteér and thereby be spaced fromthe periphgry of the rotor 22. The
barrier 48 has suffjcient axial length so as to have 15 its opposite ends
seal i ngly engaged BhFashOLs&hes ‘52‘5§Ha'et RE-seThe agmapyre RP Bisgeéﬁd?ﬁes
barri erd4g serves d(t:efrﬂﬁ:laat opefdnai szgaip\;aﬁ]ghr ﬁmbthhd eeeben%z ekBegager
to avoi i srupti of, t netic fi of .the_gachin he,barrier

made of non- nagne?ﬂ% nat%%ag%% %berEfr% b¥2 5F8 EthBPﬁﬁéé éiﬁeﬂéPagf
cylindrical can 50 def Wiithgni tbeohousipgr 1fhoppositedpecéntihet andcaap5D2

has. a reduceds di gPtaeirageall nxﬁaakamynah&%étha &Es BE3haPIRg2Pes AN
beafing 16_and is

opposite reduced di secfion our, t he

adapted to be drlﬁﬁﬁggésﬁylﬁﬁ?rsﬁP aBFePESﬁFgédoPlﬁBtFﬁélﬁﬁﬁﬁriﬂﬁﬁf dd¥own) .
Wthin the can SOcpHmangogwnoﬂés|nOLudesrﬁagnseaner4aagﬂetd£9po§eahexah£ﬂ
shown at 56 allgnq_ql,e Qs gomature 26 of the stator 24. To one side
thereof, the rotor So |ncIu es an interior cavity 58. 30 , Coaxial with
the axis of rotatioon ofPeh&nRof3P 32 iRGlWAER Kaghalhpyuertyardly sopening

stationary elk¥henigrgdvelsi ak e&temdSngnEQmRmarCOVrlﬁ95846Iheheéfﬂfﬂarﬁgaﬁas
a hol Tow interior 12,44 1RbE%v3oa8 Bk ier 88 E5°HEPteiOithin the opening
32 in the armature 26 so as to abut the latter and
thereby be spaced from the periphery of the rotor 22.
The barrier 48 has sufficieént axial length so as to have
15 its opposite ends sealingly engaged by the seals 42 and
the seals 46. As will be seen, the barrier 48 serves to
isolate the air gap 34 from liquid coolant. In order to
avoid disruption of the magnetzc field of the machine,
the barrier 48 is made of non-magnetic material, .
20 The rotor 22 includes a generally cylindrical can S50
defining its ocuter periphery. At one end, the can 50 has .
a reduced diameter section 52 journalled in the bearings
20. An opposite reduced diameter se~tion 54 is

journalled in the bearing 16 and is adapted to be driven
25 by any suitable socurce of motive power (not shown).
Within the can 50, the rotor 22 includes main rotor

_ magnetics in the area shown at 56 aligned with the

) armature 26 of the stator 24. To one side thereof, the

_ rotor 50 includes an interior cavity S8.

30 ~ Coaxial with the axis of rotation of the rotor 22
and within the housing 10 is a stationary element 60
which extends into the cavity 58. The element 60 has a
hollow interior 62 defining a conduit. The element 60



-6- may be secured to the interior of the housi ng 10 by any suitabl e neans
and the housing 10 itself includes a conduit 64 opening as at 66, on one end
to teft hand side of the stator 24 as viewed in Fig. 1. At its.5

oppd$(A& end, the conduit 64 opens as at 70 to the conduit 62 in.tHhe
st at Ar'y elenent 60. On the side eg-the stator 24 opposite fromthe .
openiTg Gfay e suminiedy tb0 the [interded Wift khenhollséhg72ot Byoagp whi ch -k

cool ant ref C r d cool ant may be
i nt roduc\eﬁ(}l%e &350 aq’@t Xpﬁslte%\?s?’@%sﬁglt e, ég’se;t?e %%%d foafrow 74 thr ough
passages qands &idskc dpgndngn ﬂtshétaﬁﬁamlr G*DEGEFId &at @het Aeftohandt 64 and

ul timat elgide ¥ nafd atatert R ! ieWedofin! bqgst aLi On%r yegl ement 60. This

cool apt is reyent 1 fro ent r|n t he air 4 by the barrier 48.

The ¢ ndLﬂR tr%cﬁ’%d 3”5 g 2%6 &k ?ﬁl fOt ﬁéehousi ng 10

ext endi ngdraiuite Gedm e mat@@nse'queitehrpptcént.al n of the cool ant

i ntroduced i ntgy gq?lyyﬁg ¢ 1feVistaltls hQ'%%?Z%zgﬂny msggﬁlled to the 20
r

beari hgs 20 for ter as cooled the stator 24. A

i cat i ng purpQses
transfer YRR O hﬁ&flﬂﬁpgp.ééhFEHWPGEQI"&GHSFFU&FFBH,7%as one end
80 di spostmi:cmgﬂ"nwh:ld’ie cowldnitt whichn pirefezadiliyodsr @ ebmbepatHOnand its

PpRose e itk far it doliantORIY b il ikl aD23REBob BaRE TOSTT L Pl 1 1

the main rotor qﬁgtlcs t ranster tupe 7 era , though not
necessarif patly dpdigates: Sy &ﬁd‘F§°Up8ﬂa§h§°?6hconduct cool ant in

t he condlpassm;es @&d e @escrabely ial kthécdrinatpzesagetof @htepothey of 30
the na'r'égygdf¥1é¥ Jﬂ%?uﬁ%&ﬂately be directed to the interior of o/
the stationary element 60. This coolant is prevented
15 from entering the air gap 34 by the barrier 48. _
The conduit 64 includes a branch or opening 76
within the housing 10 extending to-the bearings 20.
Consequently, certain of the coolant introduced into the
housing 10 via the inlet 72 ma& be supplied to the
20 bearings 20 for lubricating purpoSes after 1£ has cooled
the stator 24. ' _
A transfer tube 78, which may be of conventional
construction, has one end 80 disposed within the conduit
62 in the stationary element 60 and its opposite end 82
25 4n fluid communication with passages to be described in .
the main rotor magnetics 56. The transfer tube 78 is o
preferably, though not necessarily, rotatable with the
rotor and is operable to conduct coolant in the conduit
.~ B2 to the previously alluded to passages for cooling of
30 the*main portion of the rotor.
Within the cavity 58, there is located a permanent
magnet generator, generally designated 90 and an exciter,
generally designated 92, The permanent magnet generator



Wthin the cavi ty 58, there is located a perrrahent magnet gener ator,
general ly designated 90 and an-exciter, generally designated 92. The

per manent magnet -gener at or -7- 90 includes a series of permanent ets
94 nount on the interior of the can 50 and thus formng the rotor e
per manen gnet generator 90. A stator 96 having windings 98 for th
perﬁgﬁiﬂt magnet generator 90 is 5 located in the cavity 58 in axial
aligin®t with the permanent nmagnets 94 and is secured to the stationary

- element 60 by any suitable neans. The stat o? 96 is separated fromthe
er

magnets 94 by a small air gap 100. The exm

92 includes a stator 102

havi ng wi ndi ngs 100 liowlssias & §8F kaf of PEraiaeR teFagaetscd dnmonntedhen
cavi tyd|58 ;‘Addlht i Qi l%tiéog%!e?’ ttfe &?dbrstd FECS t&urso'ff%rrml@z@hmi Fole¥r of
outwardly of the sfator and ¢ e er t he .,otor .can
50. The rotor 106 ©t® RRFARSTR/ %ﬁ’ tll?evr\%%?rlﬁ’ g\tgll %@3‘5 *2P8 BRSHATat
108. 15 The exci twiinditragsor9 8lELRkhee Reitmanendt maghed geperatioxl 99 is
separated by assmaldcfidg GaP thid caAfidys seelilh kaaun. atm%na@rn@%% gRgnet

gener.ator 90 provides sufficient i ng ced cyrrent to créat a netic field
in the exciter 92PeFManent MAIPIERISEs EhdtateGHTes 6 ipRarke
exciter rotor w neilregsentO&0 Ltauaidyy sl talkiler metkainsg crrheerstt,atwim @6 iis t hen

rectified by nean

i fi ' ﬁyg iggaMk e a0 | h in
turn causes the |r§1s trl on of current leg hin tgﬁg ? ttg&rav]‘vl\ﬁ!I 3%1%3?0 ichis

enpl oyed as is desiredThe excitery2
-104 secured to the stat;onary element 60 within the

radi ally
\J:
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inglydes aysEargr ﬁ@lzuél'éé'lgsnvﬁ-aﬁllygs

cavity 58. Add;tzonally, the exciter 92 includes a rotor
106 radially outwardly of the stator 102 and carried by*
the interior of the rotor can S0. The rotor 106 of the
exciter 92 likewise-has windings as are shown at 108.

The exc;ter stator 102 and exciter rotor 106 are radxally
separated by a small air gap 110. '

As is well known, the permanent magnet generator $0
provides sufficient induced current to create a magnetic
field in the exciter 92. This in turn causes generation
of current in the exciter rotor windings 108, usually as
alternating current, which is then rectified by means not
shown to energize the main rotor windings which in turn"
causes the induction of current within the stator

. w.md:.ngs 30 which is employed as is desired,

The transfer tube 78 includes generally :ad;ally

' directed bores 112 which serves as spray means or neizles

allowing coolant to exit generally rad;a;ly wzth;n"ﬁhe
rotor 22. It will be observed that the bores 112 are

" axially spaced from the air gaps 100 and 110 and aligned

with portions of the windings 104 and 108. Consequently,
the radially 'f'.l'owing coolant impinges upon such windings
to provide cooling action. During rotation of the rotor
22, centrifugal force will cause the coolant to closely



directed bores 112 which serves as spray means or nozzles allow ng cool ant
to exit.generally radially within the rotor 22. It wll be observed that
the b 112 are axially spaced fromthe air gaps 100 and 110 and al i gned?*
30 wi portions of the w ndings £p4 and 108. Consegquently, the radially
f1 owi ng—€ool ant i npi nges upon such wi ndings to provide cooling action. . .
During r Qctifictm @o the Sateris?, ofcthei tagityfS8cenvelitchase the cool awk

to cl osely. f o AT o] h VJ 5 ce it has exited
t he bor es“fffdgl%%et k?s{egt Egssgﬁé \%‘\nhPF'cghrrée ?%ﬁgo%%g%tg%gﬁlhﬁ? he permanent.
magnet gé&entact wighothe/psrmangatcpagnet generator retor 94 andt he

-Ieft-ham&gg(y*cgggg rolter aasanludgs_one or nore vents 114 mh!ch are
ocargd Ta0 Al sl Saidl kgl HGeR knR2BS 00T R LiCa RN sl Y
opelratj[om_u::n‘ei Muﬁe\lgdewhﬁbhr .rq'sﬂ.bche_ed haﬂj.‘;’m;woutvtrmrdgiuaélr bicli%g; -
oo 1 S SO ol At SORLE e RlY Ol I
i nner su NSFTS&&% 95d§gﬁf°883FXn§8mnIF°H§§3“$%B¥¥)I9“¥HM%rdIy unti |
such ti noperaticeothehet device,| thereowidl bécavhollow vents 114. The
SaEAG Y Shtonyt oty b¥ LHbIRRY b chiChnd NEn AL sfeRlRf) 001110,
t he coolémmézﬁwﬂas ﬁ@bﬁ#@uP&FéEhEKVKlﬂg.9§ethHI€!V#§Yb§sanyi%uitable and
conventi Giaditdonalc¢odlahit efinatescEiom! Ehel B6RARSOD12] the vent 114 thus
) radially inner surface of such body of coolant will move ()
-radially inwardly until such time as it reaches the )
" 15 location of the vent or vents 114. The same may then
exit the interior cavity 58 of the rotor 22 and flow into
a collection space 116 within the housing 13. From the
collection space 116, the coolant may be recirculated
back to the inlet 72 by any suitable and conventional
20 means. - ' | . |
As can be seen, the location of the vent 114 thus
assures the presence of a sufficient body of coolant to
provide écoling~actian for the permanent magnetic
_ generator 90 and the exciter 92 and yet prevents, during
‘25 operation of the machine, the entry of such coolant into 3
the air gaps 100 and 110. , N\
Coolant exiting the end 82 of the transfer tube 78
flows through passages in the main portion 58 of the
rotor 22 7s generally alluded previously as illustrated
30 by arrows 120. ;At the reduced diameter section 54, the -
streams of coolant converge and exit the'rogqé via the
hollow center 122 of the reduced diameter section 54.
Prior to that occurring, some of the coolant will enter



assures the presence of a sufficient body of coolant to provide O,QI
action for the permanent nmgnetic generator 90 and the exciter EL yet
prevents, during 25 operation of the machine, the entry of suc ol ant

into the air gaps 100 and 110. Cool ant exiting the end 82 of the transfer
tube 78 flows through passages in the main-portion 58 of the rotor 2Z a

[ 1 | | uded | ustr at 2 th
OreEh i et o SRR veptcRnta  HREAE £ Jn Blo ERIEd Piadbesd'T (1o
rotor via the hol Ismta.ent §¢ wR2chf aréecclesetydadjacen torthe eanigs /i or
to that occurri ”gmhgo%o‘ifanfthémﬁﬂé’égrg% Héx@x Eﬁ@ﬁrbores 91218:?’%8&4&’(15 ect ed

bores 124 in the uged Heter I on ch are closely a Jacent t he
bearings 16. The CUGFFRtENERSPRYTIFD ’s%clP\Y b%‘?%s‘?’:[eﬁle‘?%e GhiAy anpular

| ubricate the Sheabafdiel@26yhahingreseadiably anwdrdlyrd frectsd flank6 128
having a radially, Aol cied one si.d

of the bores 124 sh‘?’g&l ¥PFEE§O£§SO{X%@Q§Gﬁ @% at}é plaﬂagsouoféhﬁlen
emanat i ng therefréﬁlBéf&Pe1Fﬁé’§%ﬂE gbh eihver ¢Qﬂﬁ4ﬂ¢)ﬁ@ﬂﬁ4&ﬂﬂﬂ3Fhﬂraﬂn@m

air gap 32 as" beSbeseea ltﬁeFlsﬁmeS:a'lotravel rJdJIi‘lI}ﬁ c{f\ﬁ&%if&l’i{ Go 20211§0Q€i.r
e arnature IS

means of prOV|din Ian fl ow pat hs hro
illustrated. As | PF Eﬁo Tt %e%rﬁ%ﬁﬁﬁ ‘is prOV|ded with slots 130
recei ving stadt%r windi ﬁ'gs'xiaq n@ﬂllt@.b"€9+ nsulené grearss! olirpmavidkingheil or

wi ndi ngs 132 and &éolahlaefheweﬁaErm& AW g dSnSRAcEe R4 ragn the bottom

of the slot 130 Sgli eflne 2 fgqﬂé i éﬁgbéf”ékéﬂhgggéﬁ}e 26 is

K,; _ provzded with slots 130 receiving stator windings 132.
Suitable insulation 134 surrounds the windings 132 and .
15 the lowermost winding 132 is spaced from the bottom of
the slot 130 so as to define a channel 136 through which
coolant may travel The channels 136 open from the
armature 26 at its opposite ends.
Coolant may also flow through the open upper ends
20 138 of the slots 130. Thus, direct contact of the
coolant with the windings is assured to enhance cooling
capacity.
In the case of the rotor, two methods of providing
passages therethrough are illustrated in Figs. -3 and 4.
25 In the case of the machine shown, the rotor is a two pole
S type and is provided with a series of laminations 140
having radially openings slots 142 spaced from each other
by 180°. As shown in Fig. 3, the windings of Sthe rotor
may be formed of Tectangular copper 144 as, is Qell known.
30 The rectangular copper pieces 144 are spaced from each
other by gaps 146 yhxch serve as cooling channels for the
passage of the coolant axially along the length of the
rotor.



coolant may travel. The channels 136 open fromthe armature 26 at its
oppostte ends. Cool ant may al so flow through the open upper ends 20 138

of |l ots 130. Thus, direct contact of the coolant with the W|\nd| ngs i §
asgqur to enhance cooling capacity;qln the case of the rotor, two:‘met hods
of ovi di ng passages therethrough are illustrated in Figs. 3 and 4. 25

I'n the case ofAYSRENAHGINEY «sBith 2% BB ¢ FiSa Auo“BSEE thEe and i & ¥
provi ded Wﬁdhx@g§$ﬂ£$&ﬁnédammaiﬂmiﬂab4ﬂrh&‘él Becttddnalcoydapenrsgs slots

142 - by 1s. d f

t he fg? grfiﬁ%';ofg‘]@’ea%f cr%cp{‘grf;]tﬁtar‘éé’&p Sr afgiegé'%tggv\é?’fagk%g\nl ngg OThe

_ rect angul matenpbly qnmmwm spededs seem axcAS56t betwegngtpe 146 which
servesas &ooidikh et sla‘x@ze‘daﬁmswqa% Egessg@ga%:a&a' l'y-along the

| ength of _the rotor. ternatiyvel as ‘shown_in Fig. 4, where

the wi ndi FHY £% 8% rﬁﬂ?lﬁ“tcl r@lﬂaél“'crdd§§°§eEPPGHCGORJUEP6rs 148, typically
of coppercodolant |witie ﬂmr@ndatcﬂxbmars plrevidedr gbl paadmizei ngvoi ds such as

seen at 1?90 g\E{{k conductors form | ongitudinal cool ant passages
for the f wPﬁi e Cc00 ar¥t -Agai n, direct contact of the coolant with the
conductors i s FRIVithed ft‘ti'er%%“fﬁ'zé-tcéﬁ-llwln&eeFPPEPEFréyedFr‘-bﬁthﬁe f or egoi ng,
it wiol heotnpr esleadtrd d kaichd nk) madeotadcyraiagt toC theCAhventRdr accordi ng

to the inyenidon AV 1S dfldd Gt Yot ard%e 1629883012354 E2uh LAY from the

éntry of coolant into air gaps by the use of the barrier
48 and the unique location of the vent 114. At the same K;;
time, it will be appreciated that maximum'heat transfer '

15 is provided by reason of dzrect contact between the .
coolant and windings. High veloczty liquid impingement
on components is virtually totally avoided to minimize
insulation deterioration:reSditing from that action.
Consequently, the advantages of é'non-confined cooling'

20 system over confined cooling systems are retained while
the disadvantages ‘are avoided.



entry of coolant into air gaps by the use of th t he uni que
| ocation of the vent 114. - At the same tine, ﬂ " Ima ed tha
maxi mum heat transfer 15 is provided by reason bet

t he cool ant and w ndings. Hi gh velocity liquid inpi ngerrent on compon
virtually totally avoided to.mnimze insulation deterioration resultyn
from § hat action. Consequently, t he advantagegijof a non-confined coollng 20
systen1over confined cooling.sysfems are retained while the di sadvant ages
are avoi ded. CLAI M5 1. A rotary electric machine, conprising-in

conbi nation: a housi ngcLazrMg ator wi thin the housing and including an 5
armature provided with wndings and a rotor-receiving opening;, a rotor

journal l ed within the POUS'VKJfﬂﬁ%rkogﬁk%@r%%tHEEhiHS OPSHh s Y in

peripheral |y spaced from the ar mat irst air gap, the rotor
carrying 10 wi ndi R YHAANG an interior cavity; a stationary
element affixed to the housinhcasingst ending axially into the cavity; rotor-

. Wi ndi ng energi zi ng neans incl at .l t e Oa2d
armature carried by the 15 it i°0 or‘"v%nt?’%‘ tBEehégggt@ and ragl a| Ir@%
outwardly of tHe statiarmaturs @ranidedd viésbpwindingsndtde? FREQGK IRARHVER %N

the stationary el ementopihing; the cavity for generating electrical current

for the rotor . w ndings,
g a rotor journalled within the housing and located

within the opening and peripherally spaced from the
i,; armature by a first air gap, the rotor carrying?
10 windings and having an interior cavity;
a stationary element affixed to the housing and
extending axially into the cavity;
_ rotor winding energizing means 1nc1uc1ng at least
one winding and associated armature carried by the
15 rotor within the cavity and radially outwardly of the
stationary element and cooperating magnet means mounted
on the stationary element within the cavity ‘for
generating electrical current for the rotor windings,
the rotor winding energizing armature and the magnet
20 means being separated by a second air gap:
and a coolant supply system through the rotary
Vo electric machine, comprising ’
| _ first coolant passages in heat exchange relation
to the stator windings:; _
25 - second coolant passages in heat exchahge relation
' to thelrotor windings:

_ barrier means in the first air gap adjacent the
stator for providing fluid flow isolation between the
stator and the first air gap;

30 means for supplying a liquid coolant to the
stator through the first coolant passages;
means for supplying the liquid coolant from the
first coolant passages to a transfer tube between the



the rotor wi nding energizing armature and the magnet 20 neans bei ng
separated by a second air gap; and a coolant supply systemthrough the

rotary &hectric machine, conprising first Coﬂlmmnmlmu heat exchangé
rel atiomfo the stator wi ndings; 25 passages in
Jehange relation to the).rotor w ndings? barrie™ mdand in the firgst.

0 _Adj acent the stator for providing fluid flow isolation between wie
stator and the first air gap; 30 - 12 - means for supplying a |liquid
coolant to the stator through the first cool ant passages; neans .for _
supplying the liquid coolant fromthe first cool ant passages to a transfer
tube between stédiionary blementabh@nghy edESEndnEkdnheaHeott@angfdrf romthe

transfer tub ot h tao the C o] S es_and fhrough radially
di rect ed opeﬁ?ugh'bes q’lorﬁi ﬁ:g’ & ?’%ngg gf’ﬁguéggi%g?hé&rgso?%ers \ﬂ"f‘i;]ditg’é%élﬁér gi zi ng
means; and 5 radially dinecied Ppenpngsechrivhe coransafiex tovpeckoethrg t he

second air gayiBy WVIGAARE dhkedifinghRedRehifga 2. A rotary electric
machi according to cl ai r1 reventing coolant from

i_m 1, wherein the geans for§¥
entering 10 t h&SARS, FRTaPF e YaptLBApr PR G E T SN ST NS0 58Nt vent
| eadi ng fromsdmondtadr gap tipyrihgcaperation adf ytherwmalineaf the cavity

peri phery and radially outwardly of the second air gap. 15 3. A
rotary el ectric machine according,tO'anX_ '
2. A rotary electric machine according to claim 1,

wherein the means for preventing coclant from entering . _ .
10 the second air gap comprises at ‘least one coolant vent o/

leading from the rétor cavity, located radially inwardly

of the cavity periphery and radially outwardly of the

second air gap. |

15 3. A rotary electric machine according to any
preceding claim, wherein the means for suppiying liguic
coolant to the stator comprises an inlet to the housing
adjacent one side of the stator and separated from the
first air gap by the barrier means; and a conduit in

20 the housing leads from the other side of the stator
through a conduit in the stationary element to the
transfer tube.

4. A rotary electric machine according to any preceding

25 claim, wherein the radially directed openings in the
transfer tube compris: spray means for directing coolant
at the rotor winding energizing means.

5. A rotary electrié machine according to claim 4,

30 wherein the spray means direct coolant geherally
radially at a location axially spaced from the second
air gap. '



-~

preceding claim wherein the neans for supplyin to the
stator conprisesan inlet to the housi ng adj ace “Ilmmllglnmmﬂ ““e stator
artd separafed fromthe first air gap by the barrrercneanst a&nd*a condui
20 the housing |leads fromthe other side of the stator through a
conduit in the stationary elenent to the trangfes tube. 4. A rotar

el eefli ¢ machi ne according to any preceding 25 claim wherein the
radi‘al 'y directed openings in the transfer tube conprise spray nmeans for
directing coolant at the rotor w nding energizing neans. 5.- A rotary
el ectric machine according to claim4, 30 wherein the spray means
direct cool ant generalfy radi ZOERrHt eherbrie i machinalaceongiasd tor @AYt he

second air gap. - ece@mg cfi\amt NP EFLERE FBRGY NS %%Qh@llllﬁdt @nany

precedi ng claim wherein B’P of ournalled in the hous g eari ngs
at opposite ends of tH& 6‘rs"&ﬁd theéﬁhﬁ%“fﬁ WEFT Vi G e°%o ¥8nF°FP5m
the first 5 cool artndhadeagesnsofohesupphping thédbedaiantdésoat theastirshe _
openi ng adj acents each ofo it gsggaeaﬁ YOCLRDY: Pai¥dd Qb i3uGeql got 1S

utilized to Iubrlcate t
least one openlng adjacent each of the bearings whereby

)

a portion.of the coolant is utilized to lubricate
the bearings.




