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This invention relates to rotary electric machi nes, and nore part

to the cooling of rotor wi ndings 5 in such machj nes to achi eve high

operational efficiencies. Background Art Prior art of possible relevance

i ncl udes._the follow ng United States Letters Patents: Cain 3,049, 633; 10 _(

Smith 37743, 83§§?§ﬁllnann 4,037, 124; Deis 4,037,312; and Hunt 4,139,789. It
n

2 149588 1 Rotor Cooling in Rotary Electric Machines Field of th hnvg?$3pg

has | ong been that the eff|C|ency of rotary. electrlc machi nes can be
i ncreased- by c ing the mnndlngs t hereof. Generafl'y, efforts at cooling
have 15 I nvol ved either the use of hollow electrical conductors which in
turn serve as the conduits for the coolant or confining the windings in a
passage and flowi ng the ( cool ant through such passage such that it
contacts the conductors in heat exchange relation. 20 The forner
approach, while quite effective, is quite c | ex mechani cal ly and
hydraulically with the result that it is quite expensive and does not |end
itsel f well to smal |, | f pld | tilized
Lselt well RBREICIR (P! 4of Hd Ol p Wl dEr S8R hamegt !l zed
I npl ement ed, reqU|res t he use of nechani cal spacers in the w ndings thereby
conplicating thp;e98Sbruehie0’t n¥eHtdlord €SuUl ts in unequal ly sized fluid flow
pat hs whi ch enc ransfer and crea

DUT age. non-.ant 1 or.m neat
probl efs during operQPF&n1&Vﬂﬂ%§qﬁnﬂﬁ?i?5ﬁ%rﬁpeﬁ%?%ﬁ%deiecg 218 Rackines,

and more particularly, to the cooling of rotor windings
5 in such machines to achieve high operational
efficiencies.

k/.

Background Art

Prior art of possible relevance includes the
following United States Letters Patents: Cain 3,049,633;

10 'Smiﬁh 3,743,867; Kullmann 4,037,124; Deis 4,037,312; and
Hunt 4,139,789.

It has long been known that the eff;c;ency of rotary
electric machines can be increased by cooling the
windings thereof. Genefally, efforts at cooling have

15 involved either the use of hollow electrical conductors
which in turn serve as the conduits for the coolant or _

v confining the windings in a passage and flowing the (-
‘coolant through such passage such that it contacts the
conductors in heat exchange relation.

20 The former approach, while quite effective, is quite
complex mechanically and hydraulically with the result
that it is quite expensive and does not lend itself well
to small, lightweight application such as generators
utilized in aircraft.

25 The latter approach also works well but as typically
implemented, requires the use of mechanical spacers in
the windings thereby complicating the construction and/or
results in unequally sized fluid flow paths which
encourage non-uniform heat transfer and create balance

30 problems during operation of the machine where employed



2 to cool rotor windings, particularly in high speed nmachi nes. The present
invention is directed to.overcom ng one or nore of the above problens. 5
Synmmary of- the Invention It is the principal object of the invention to
provide a new and i nproved nmeans for cooling rotor windings in a rotary
elect&bp’gpchine. More specifically, it is an obj-ect of the invention pox
provide ¥0 - a rotor winding cooling systemthat is sinple in constru r 6%,
provi des for uniform heat transfer, and assures a bal anced cool ant '
di stribution to avoid nechani cal bal ance probl ens thereby suiting the rotor
for use in a high speed rotary electric machine. 15 An exenpl ary
enbodi nent of the invention achieves the foregoing objects in a rotary

el ectric machine . including a stator having a rotor receiving opening. A
rotor is journalled within the opening and i®cludes a body of nagnetizable
material having at | east two opposed 20 axially extending slots. End turn
supports are di sposed on each end_of the body and each has a radially

ext endi ng, axi al¥y efRhiFRteY Jindingsd RArhicRdaciyt ini hishe5pE8E t o
define a continysgaehpessage for the receipt of windings. At | east one

wi nding is disposed ifp the 25 €a sage and I s ﬁongoiea gf a gluraLit of
turns of an el ectricalPePRRRERT FRYVEAGIGN AR.FAFFGEER, £l QVeECORIng. One,
The turns of theomimsktegofireheraboseoproblensin a plurality of layers
suchthat .the interstices between the turns define uniformy sized axially

extendi ng 30 cool ant passages. Spacers are disposed in each of the
. 5 Summary of the Invention

It is the principal object of the invention to
provide a new and improved means for cooling rotor
windings in a rotary electric machine. More
specifically, it is an object of the invention to provide

10 a rotor winding cooling system that is simple in
construction, provides for uniform heat transfer, and
assures a balanced coolant distribution to avoid .

‘ mechanical balance problems thereby suiting the rotor for
use in a high speed rotary electric machine.

15 | An exemplary embodiment of the invention achieves
the foregoing objects in a rotary electric machine
including a stator having a rotor receiving opening. A

U - rotor is journalled within the opening and includes a
body of magnetizable material having at least two opposed

20 axially extending slots. End turn supports are disposed
on each end of the body and each has a radially
extending, axially opening slot aligned with the slots in
the body to define a continuous passage for the receipt |
of windings. At least one winding is disposed in the

25 passage'and is composed of a plurality of turns of an
electrical conductor having a generally circular cross
section. The turns of the winding are precision wourd in
a plurality of layers such, that the interstices between .
the turns define uniformly sized axially extending

30 coolant passages. Spacers are disposed in each of the

 slots in the end turn supports and spaced that turns of
'adjacent layers a sufficient distance to allow a coolant

o



slots in the end turn supports and spaced that turns of adjacent |ayers a

sufficient distance to allow a cool ant -3- to'enter into or exit from
t he cool ant—passages and neans. are provided for circulating a liquid

cool ant t h the passages and the slots in the end turns supports for
cool i ng pir\pbées. 5 Preferably, the turns are precision wound in a gy
plurality | ayers such that each succesyive turn in a given layer is

parallel to _and subst ant i the recedi %Sgurn and

b
the turns in te%c%n%%c’e%%‘?v%r Ve fa"%’é“Uttg‘ege‘??orvfaﬁqlly pﬁfrs 958 A al |y
in abut nent varé provided fow ¢ingnlatigwria dfiquidl mosdeditnghaedigduddeedi ng

| ayers withi %5 $O8Y a3l501 Epe | %1%&},' 9bhY dieef sﬁaeotlﬁfmﬁdgasaartg hef&zur ns,

when vi ewed I n; cross secti1on define a honeyconb-l1ke matfl x. Cool ant
gal | eri es ar CRLINRERMTPPELRN end of the rotor adjacent the end turn
supports Sand are in fluid conmunication mﬁth t he associ at ed

| ot i ' t Th |_at
it er connect S RGN B FePiecafs, HeReI AR Vourre od maAL LY Toene
Descri ption ocﬁftraayasavwmrgs tZEat Féagh esuccessiven tmtmmraalglmrevlaxﬁr a
rotary electylc J|CHiNg ¢Bech a a:}Ays%b*%'t%t%la‘i“v‘daBGEﬁéﬂﬁorm957'00:_% ng

t he |nvent|on Flgure 2 i.S a Si evation of an end turn
‘support expose¥rceding tiFn and sthsm W gdy eagh fraaassiyve,layer are
illustratl®g generally parallel and generally in abutment with at

least one turn in each of the preceding and succeeding _
layers within the body slots. _ E E \J

In a highly preferred embodiment, the turns, when viewed
15 in cross section define a honeycomb-like matrix.

Coolant galleries are disposeq_in'each end of the rotor
adjacent the end turn supports and are in fluid
communication with the associated slot in the

20 corresponding end turn suppbft. The circulating means
intercohnécts the coolant galleries for circulating the
coolant.__. |

Description of the Drawings o ' v
25 Figure 1 is a sectional view of a rotary electric
machine, spec1f1ca11y a hlgh speed generator, embodying

the invention; . _
Figure 2 is a side elevation of a rotor with an end turn
support exposed; _ | .

30 Figure 3 is an'enlarged, fragmentary view illustrating
the conductofs forming'a winding ‘as they appear within
the end turn supports;



*

the conductors forning a winding -as they appear within the end turn

supports; 4 Fig. 4 is a sectional view taken approxi mately al ong the
Ilne 4-4 in Fig. 3; and Fig. 5 is an enlarged, fragnentary view of the
appearance of the w ndings as they appear in section 5 al ong the axi.s of
the rotor. Description of the Preferred Enbodi ment An exenplary e Fyent
of a\Yﬁtary el ectric machine is shown in the drawings and with refe eto

Fig. 1 is seento be in the formof a so-called brushless 10 ge at or.
However, it is to be understood that the invention is not so limted, but
could be applied to any rotary electric nmachine requiring rotor cooling. In
the preferred enbodi nent, the generator is intended to operate at 24,000
RPM and includes a two pole 15 rotor as will becone nore fully apparent
hereinafter. The generator includes a statorg generally designated 10
including a stator core 12 and stator w ndings, only the end turns 14 of

whi ch are shown. The core 12 includes a central opening 16 for receipt of a

20 rotor, generallypgesi gnpiesd d8ctidhalroiew t8ken hpproxlimadely Aivorighe
openi ng 16 by suitabl e Dearings at-op303|t ends of -the rotor, one such set
of bearings bei ngh¢|31iRe 4120iRiF2§: Fhe®PBtor 18 includes a central body

20 formed of 25  nmgpegicsnpseahaénla¥gedhofiyagfensary wiew fofatihed by end
o b erence LPF P pRRhIngE Be°chEG aBend boRRRIIGH o0
' 5 along the axis of the rotor. ' :
kJ: pescription of the Preferred Embodiment
An exemplary embodiment of a rotary electric machine
ie shown in the drawings and with reference to Fig. 1 is
seen to be in the form of a so-called brushless
10 generator. However, it is to be understood that the
invention is not so limited, but could be applied to any
rofary electric machine requiring rotor cooling.
In the preferred embodiment, the generator is
intended to operate at 24,000 RPM and includes a two pole
15 rotor as will become more fully apparent hereinafter.

The generator includes a stator, generally
-designated 10 including a stator core 12 and stator
i windings, only the end turns 14 of which are shown. The
' core 12 includes a central opening 16 for receipt of a
20 rotor, generally designated 18. The rotoxr 18 is
journalled within the opening 16 by suitable bearings at
opposite ends of the rotor, one such set of bearings
being illustrated at 20.
, " The rotor 18 includes a central body 20 formed of
25 magnetic material. The body 20 is in turn flanked by end
tutn.supports 22. The end turn supports 22 are secured
to respective end shafts 24 and 26 which axially journal
the rotor 18 within the opening 16. An exterior can or
cylindrical sleeve 28 surrounds the body 20 and the end
30 turn supports 22 as well as radially outer portions of
the end shafts 24 and 26.
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the rotor 18 within the opening 16. An exterior can or cylindrical sleeve
28 surrounds the body 20 and the end 30 turn supports 22 as well as
radial |y outer portions of the end shafts 24 and 26. As seen in Figs.
and 2, ‘thg#body 20 includes opposed, axially extending, radially outmardly
openi-ng ¢ havi ng opposite edges .shown at 30 and 32. Thus, that pO{ylon'
of the bqg 0 between the slot edges 30 and 5 shown at 34 in Fig. 2

ofe of the rotor while the opposite portion showm at 36 in Fig.

2 forms th& remaining pole. Each of the end turn supports 22 includes a
radi-ally extending, axially opening slot 38 (Figs. 1 and 2) and it 10

w Il be appreciated froma consideration of Figs. 1 and 2 that the slots.

38 in the end.turn supports 22 along with the slot defined by the edges 30
and 32 define a continuous, closed | oo passage for receipt of the rotor

wi ndi ng, generally designated 40. 15 As seen in Figs. 3 and 4, the
winding 40 is made up of a plurality of |ayers 42, 44, 46, 48, 50, 52 and

54. And as can bAse®en miriRjigsl, Xoand oZ.thbeIhgéyszaZiﬁdlhdesade up of

several tur h h r at 56,
58, 60, 62, Q’S’Z’“\% 655?1%1&%%&%"& e géle%% Bﬂwggﬁlg bpahiahg
nunber of t&4eES TAY NI | ORPOFHER 9ﬁ5|§hﬂﬁﬂeaﬁf Qn?nguﬁgablghéﬁectrlcal
conduct or haHakg tx&&xe&fxtnérsba 20'H6EweER tRE anefléaéesOEocaﬂase

T ek P Bl 9 e e RE0G, SRS ROREE 282",
Its usual seihee cqm:bs:ste)mﬂmsubmoslnwmﬂomt 36 in F:Lg. 2 forms the Ly
remalnlng pole.. - ' | ~
Each of the end turn supports. 22 includes a radlally
extending, axially opening slot 38 (Figs. 1 and 2) and it
10 will be.appreciated from é-consideration of Figs. 1 and 2
that the slots 38 in the end turn supports 22 along with
the slot defined by the edges 30 and 32 define a
continuous, closed loop bassage for receipt of the rotor
winding, generally designated 40.
15 - As seen in Figs. 3 and 4, the winding 40 is made up
of a plurality of layers 42, 44, 46, 48, 50, 52 and 54.
And as can be seen in.Fng 4, each of the layers 42-54 is
made up of several turns. With relation to the layer 42,
the turns are shown at 56, 58, 60, 62, 64, 66, 68, 70 and \_/
20 72. The layers 44-54 have a similar number of turns.
_The entire winding 40 is made of any suitable
electrical conductor having a generally circular
- cross-section provided, of'course, with suitable
insulation (not shown). The turns and the iayers are
25 precision wound in the passage. The term precision wound
is intended in its usual sense and is opposed to random
winding wherein no particuiar effort is made to assure
that each successive turn be wound in a particular
location.

¥

30 In the usual case, precision winding w111 dictate
that each successzve turn in a given layer is parallel to
and in substantial abutment with the preceding turn and
that the turns in each successive layer are parallel to



wi ndi ng wherein no particular effort is nade to assure that each successive
turn be wound in a particular location. 30 - In the usual case,
pregcision winding will dictate that each successive turn in a given |ayer
is parallel to and in substantial abutment with the preceding turn and that
the tagns,i.n each successive layer are parallel to . 6 and in abutnent
with at least one turn in the preceding |ayer. Generally speaking, in orgde
to maxi m ze the nunber of turns that may be received.in a slot of givep

( .
cross section, it is desirable that the turns of each 5 successi ve I

additionally are in.abutnment with two turns in both the preceding and tT
succeedi ng |l ayer to define a honeyconb-like matrix of conductors as is
il lustrated somewhat fragnmentarily in Fig. 5. As can.be seen in that

Fi gure, the precision w nding 10 results in plurality of interstices 74
bet ween each triangular array of three conductors which are uniformin
site. Such interstices 74 define cool ant passages for a cooling fluid to

cool the winding 4fhq |{h UMSEmeWE GFi 1P £E| Bé Dok Voiéli B6rh eshl £Bei Preceding
intersti ces between the 15 var] ous turns deflnlngﬂgglzorn1x si, zed, gool ant
f

passages. As can DAYy e FeRe 1% FREVLIRSG det i ? L@ Paxinizgthe | o
cool ant passages dabhbex! dof tilens ntleatstnmay beéirexéived aknail glot bfiegivear

o200 b " o iief PG UL IS 08 OALOELeE IRy
can achi eve ackesssuvacessivg ckayér ondditiomaklytaresinqabutment with two
iﬁ; turns in both the preceding.aﬁd_the succgeding laYer to
define a honeycomb-like matrix of conductors as is
illustrated somewhat fragmentarily in Fig. 5.
As can be seen in that Figure, the precision winding
10 results in a plurality of interstices 74 between each
triangular ar:ay'of three conductors which are uniform in
size. Such interstices 74 define coolant passages for a
cooliné fluid to cool the winding 40. In other words,
precision winding results in interstices between the
15 - various turns defining uniformly sized coolant passages.
As can be appreciated from a consideration of Figs.
1 and 5, the coolant passages defined by'the interstices
74 extend axially of the rotor body 20. It will also be
\ appreciated that due to the contact between adjacent
20 conductors or'tufns, means must be provided whereby
coolant can achieve access to or egress from the
interstices 74. '
Referring now to Figs. 3 and 4, this is achieved
_through'the use of spacers 76 disposed between each of
25 the layers 42-54 at the end turns of the winding, namely,
ﬁhose portions of the winding that extend radially within
the slot 38 in each of the end tnrn'suppqrts 22. The
spécers 76 are shown in somewhat exaggeza.eé'form in the
drawings but'their size only need be sufficient to space
30 the turns of adjacent ones of the layers a sufficient
distance fo allow coolant to enter into or exit from the
interstices 74 of the axially extending portion of the
winding.




.
Referring nowto Figs. 3 and 4, this is achieved through the use of spacers
76 di sposed between each of 25 the |l ayers 42-54 at .the end turns of the
- windin nanely, those portions of the w nding that extend radially within
the s 38 in each of the end turn supports 22. The spacers 76 are shown
in sb at exaggerated formin the drawings but their size only need,hg
sufficient to space 30 the turns of adjacent ones of the layers a
sufficient distance to allow coolant to enter into or exit fromthe
interstices 74 of the axially extending portion of the w nding. 7
Returning to Fig. 1, the end shaft 26 adjacent the |left-nost end turn
support 22 includes an interior gallery 80 which is in flui-d comrunication
with the radially inner portion of the associated slot 38 between 5 upper
“and | ower sets 82 and 84 of the winding 20. Reliefs such as shown at 86 in
Fig. 2 extending axially inwardly fromthe |ayer 42 to thé |layer 54 assure

that fluid connunlcatlon fronlthe ipterstices 74 .hr gh.the s d end
turns of the w nfiSHPERRIKEQYFT IS y{]80 he ep BP% gdadAaé’lef?le'I &Cgal | ery, |

general |y dasifgraicet ¥hd styrmvsuispornt| 2zephclbdesi ght a.haedzorrd turn

supports 22 a | AT DS, t t he

|nP2rst|ces %9% zﬂnéﬁg%§¢i£dl f%ﬁlém#bgmﬁggg$g58§ Lg%& Fgry 90 may

i ncl ude ot heradiaidhneinnes rROXLLeR, Ofothexaapbe;a&edeﬁﬁpmfGgabEwabar 92

and varigous JBans JiiF | 16lkde Sdedi 82VaRE B#SE20End wiRlIRg" G0TS O part of
vent1 on.

t he present
Reliefs such as shown at 86 in Fig. 2 extendzng axzally .

inwardly from the layer 42 to the layer 54 assure that o’
fluid communication from the interstices 74 through the
gpaced end turns of the winding to the gallefy 80 is

10 prov;ded. | '

' A sxmllar gallery, generally designated 90 is
prov;ded adjacent the right-hand end turn supports 22 and
by similar means is in fluid communication with the
interstices 74 at that axial end of the wzndlng. The

15 gallery 90 may include other components including, for
example, a centrifugal filter 92 and various means
inoluding an air vent passage 94 which forms no part of
the present 1nventzon. _

A pump 96 is connected by a conduit 98 to a transfer

20 tube 100 to the gallery 90. A condult.IOA_suztably
connected to the interior of the end shaft 26 and thus in
fluid communication with the-gallery B0 via a bore 104 is
connected to an air/oil separator 104_whi¢h in turn is
cennected to the pumplsé._ Thus, the pump 96 is operative

' 25 to circulate a coolant, typically oil, to the gallery 90,
through the slots 38 in the rightmost end turn support 22
to the 1nterst1ces 74. The coolant, after coolzng the
winding, will emerge from the interstices 74 within the
leftmost end turn support 22 to flow to the gallery 80

30 where it will be returned to the pump 96. Typically, a
suitable heat exchanger (not shown) w1ll be included in
the c1rcn1t._

&



A'pump 96 is connected by a conduit 98 to a transfer 20 tube 100 to the
gallery 90. A conduit 102 suitably connected to the interior of the end
shaft 26 and thus in fluid comunication with the gallery 80 y¥raya bore 104
IS connected to an air/oil separator 104 which in turn is coéﬂeaﬂed to the
punp -~ Thus, the punp 96 is -operative 25 to circulate a ant,
typi ca Iy'oiI, to the gallery 90, through the slots 38 in the rightnost end
turn support 22 to the interstices 74. The coolant, after cooling the

winding, will emerge fromthe interstices 74 within the leftnost end turn

support 22 to flowto the gallery 80 30 where it will be returned to the
punp 96. Typically, a suitable heat exchanger (not shown) will be included
inthe circuit. =~ The winding 40 is maintained in the slots defined by the

edges 30 and 32 in the body 20 by conventloqﬁl wedges 106 and the entire
interior of the rotor, specifically, the rotor body 20 is seated by the can
28 to prevent 5 Ieakage of oil to the air gap between the rotor 18 and

the stator 10. From i LOGRasidIho ids WdinteimRprori Alechibes defohol by |

construction nade accordln he I nvent i s | deal suited for
| i ght wei ght hi g ;ﬂ% Gt ifp th %?m%#%.%r%ltvmm%&%r‘sedgqﬁe
systemis sinpl aasn aemﬂaﬂw(anme A el igr td w&ém:ho&ﬂ»mr:wﬂyryprs

serving as cooI ortan eC|S|on )
wi ndi ng assur es atr°t tt?ﬂ%’r gﬁ sﬁ?/]f%‘i n?)hg RESLTR ar e
uni formy sibzed lieakages ©fl ©il saxtthen aix pgamb:hx\tm othae |m:toad1/8maages

The, first advan%&gegéiégyﬂléﬁ assurance of uniformdistribution of

N\
From the foregoing, it w111 be apprec1ated that a

rotor construction made according to the invention is
'ideally-suitea for lightweight high speed applications
10 such as aircraft generators. The system is simple in
construction, avoiding the need for hollow conductors
serving as coolant conduits. Importantly, the use of a
precision wound winding assures that the interstices 74
forming the coolant passages'are uniformly sized in cross
15 - section to provide two distinct advantages. The first |
advantage is that of assurance of uniform distribution of
the coolant thrbughout the rotor to avoid mechanical
_ balance problems particularly when the machine is
/ ' operating at high speed. The second advantage is that
20 uniform cooling is achieved since the flow rate through
- each of the interstices 74 will be substantially equal,
thereby preventing undesirable hot spots from developing.



t he cool ant throughout the rotor to avoid nechani cal bal ance probl ens
particularly when the machine is operating at high speed. The second
advantage is that 20 uniformcooling is achieved since the flowrate

throuch of the interstices 74 w || —be—substanttat-ty—equal, thereby:

preventi g undesirabl e hot spots from de ' ainms 1. A
rotary @ &ctric machine conprising: 2 ]ﬂ“‘@ﬂg!ﬂﬂﬂﬁi&%l ng a rotor
recei W19 opening; a rotor journalled w ¢S , said rotor 4

i ncluding a body of nmagnetizable material having at least 6 .- t wo
opposed axially extending slots an end turn support on each end of said
body, 8 each having a radially extending axially opening slot
aligned with the slots on said body to qifine-a 10 cont i nuous
passage for the receipt of w ndings at I|®ast one wnding in said passage
and 12 conposed of a plurality of turns of an el ectrical conductor
having a generally circular cross sectdon, *14 sai d turns being
preci sion wound in a plurality of Ia&%k%ﬂg%ch;that each- successive turn in
a given 16 | ayer is parallel to and in substantial abutnent with the
precedi ng turn and sugh t W ' . =) : gessive layer
are parallel to ghd i% abg?#gh \ﬁ%géghiézéékh%ﬁg f&? S?ﬁiﬁﬁe precedi ng 20
| ayer @ thin said bbapogl ayintha iretosiyeceivingeopending:t ur ns defining

22 axi al | y gggsgdﬁﬁ%fﬂaifﬂﬁ WPRfYCSaid opening, said rotor

4 including ' '

oo

a body of magnetizable mate;iél.having at least s/

6 two opposed.axially'extending slots
an end turn'SuPPOrt on each end of said body,
8 " each having a radially extending axially opening
slot aligned with the slots oh said body to define a
10 continuous passage for the receipt of windings
at least one winding in saidjpassage and
12 composed of a plurality of turns of an electrical
conductor héving a generally circular cross section,
14 said turns being_precision wound in a plurality of
~ layers such_that each successive turn in a given
16 layer is parallel to-and in substantial abutment
| with the preceding turn and such that the turns in \;)'
1§ each successive Iayer are parallel to and in '
abutment with at least one turn in the preceding
20 layer within said body slots, -
| the interstices between said turns defining
22 axially extending coolant passages,
| spacers in each of said slots in said end turn
24 supports spacing the turns of adjacent layers a
sufficient distance to allow a coolant to enter into
26 or exit from said coolant passages, and

a pair of coolant galleries, one for éach end
28 turn support and in fluid communication with the
associated slot in the corresponding end turn
30 support; and '



spacers in-each of said slots in said end turn 24 supports spaci ng
the turns of adjacent |ayers a sufficient distance. to allow a coolant to
ent:er into 26 or exi-t fromsaid coorgtf‘55§§agesr\ang_§ pai L—qf
cool ant--gal l eri es, one for each end 28 'IMW ort and i
communeation with the associated slot in ’“MWﬁ Hm end
support; and 10 neans i nterconnecting eath ©f saly ries
circulating a |iquid coolant between the same via said cobl ant passages and

said lots in said end turn supports. 2. The rotary electric nmachi ne of
claiml wherein 2 .said turns in said body slots define a honeyconb-Iike
matri x when viewed in cross section. 3. A rotary electric nmachine
conprising: 2 a stator having a rotor receiving opening;, a rotor
journalled within said opening, said rotor 4 10i ncluding a body of
magneti zabl e material having at |east.6 . two opposed axially
extendi ng sl'ots an end turn support on each end of said body, 8 each
having a radi al | y ext aneang imter¢onmeebing ench ofi gadd Yalleries| Ho05 on

i noi ngs at YoostHIURPHARGR HELY HAUTaRE BEReRH O LF FLa Baje,

pasSage conposed '
plurality of turnsoolant phesagesaandosdidt gptlﬁaﬁmgaddgm AUXN cEVPROTLS.
cross -section, 14 said turns being precision wound in a plurality

of layers

2. The rotary electric machine of claim 1 wherein
'L; S 2 said turns in said body slots define a honeycomb-like
| ' matrix when viewed in cross section.

3. A  rotary electric machine comprising:-
2 a stator having a rotor receiving opening;
‘a rotor journallea within said opening, said rotor
4 including _
a body of magnetizable material having at least

6 - two opposed axially extending slots
an end turn support on each end of said body,
8 - each having a radially extending axially opening
'~ slot aligned with the slots on said body to define a
_ 10 continuous passage for the receipt'of windings
7 S ' at least one winding in said passage and
12 composed of a plurality of turns of an electriccl
conductor having a generally circular cross -section,
14 said turns being precision wound in a plurality of
~ layers .
16 : - the interstices between said turns defining
. uniformly sized axially extending coolant passages,
18 and
) spacers in each of said slot:s in said end turn
. 20 supports spacing the turns of adjecent lavers &
sufficient distance to allow a coolant to enter intc
22 or exit from said coolant passages, and

coolant means for circulating liquid coolant through
24 said passages and said slots in said end turn supports.



¢
16 the interstices between said turns defining uniformy sized
axi al | y extending cool ant passages, 18 and spacers in each of said
slots in said end turn 20 support's spacing the turns of adjacent 3
| ayers a sufficient distance to allow a _coolant to enter inta 22 -or

—

exit frogrSajid cool ant passages, and cool ant ‘means for circul ating Iiduyd

Sopart I Zn Taaherecir e meni ne c MR MIERIIAIR " <oaior

havi ng a~fotor receiving opening; a rotor journall®d w tthid siid opening,

said rotor 4 I ncluding a body of nagnetizable material having at |east 6
two opposed axially extending slots an end turn support on each end of said
body, 8 each having a radially extending axially opening sl ot
aligned with the slots on said body to ddfine a 10 cont i nuous
.passage for the receipt of windings at | east one wnding in said passage
~and. 12 conposed of a plurality of turns of an electrical conductor

havi ng a generaléy cArcul zotaryselectmiisnmachine comprigirgrns being

preci si,on wound in I Aol of_F@ga' ﬁ?ﬁg} é??*k iccessive turn in
a giverf 16 . f§3§éyi§¥3%¥3|Fb toz:n IQ‘E%@%t 'tléﬁaéputnent with the
precedi ng turn addreter jearngided,mithin gaid openingh saiderotos | ayer
are parall ejpdpudffiggeneral ly in abutment with two turns in each of the

precedi’ng 20 ~and sycceeding | ayer w thin sajd hody, slots, the
interstices between s BoAY¥r R HE%Q%&%}‘Q%Q materxéa having at least

6. two opposed axially extending slote :;;
an end turn support on each end of said body,
8 each having a radially extending axially opening
slot aligned with the slots on said body to define a
10 continuous passage for the receipt of windings
at least one winding in said@ passage and
12 _ comﬁbsed of a plurality of turns of an electrical
conductor having a ggnerally circular cross section,
14 said turns being precision wound in a plurality of
layers such that each successive turn in a given
16 layer is parallel to and in substantial abutment
' with the preceding turn and such that the turns in
18 each successive layer are parallel to and generally .
‘in abutment with two turns in each of the preceding \/
20 and succeeding layer within said body slots,
the interstices between said turns defining
22 ‘axially extending coolant passages,
' radially extending spacers in each of said
24 - slots in said end turn supports spacing the turns of
adjacent layers a sufficient distance_to allow a
26 coolant to enter into or exit from said coclant
passages, and _ o
28 & pair of coolant galleries, cn for each end
turn support and in fluid commuricaticn with the
30 associated slot in the corrgSponding end turn

support; and



22 axial ly extending cool ant passages, radially extending spacers in

each of said 24 slots in said end turn. supports spacing the turns of
adjacent | ayers a sufficient distance to aIrﬁﬂfa‘26--a___ggglant it er
into. or exit from said cool ant passages, and a parr !
cool t gal leries, one for each end turn sup IMrm i cn
with -The 30 associated slot in the corfesp urn support;
and 12 32 means interconnecting each of sai gallerles for '
circulating a liquid cool ant between the sanme via sard 34 - cool ant
passages and said slots in said end turn supports. 5. A rotary electric

machi ne having rotor wi nding cooling substantially as descri bed herein mrth.
reference to the draw ngs.

12

32 means interconnecting each of said galleries for
circulating a'liquid coolant between the same via said

34 coclant passages and said slots in said end turn
supports.

5. A rotary electric machine having rotor winding
cooling substantially as described herein with reference
to the drawings.




