B e _
r es to the field of dynannelegtrlc nag*imes mhlch utilize a a
covt'i ng neans, and particul arly induction*nmtors of the so-call ezdﬂqj"'CaZ%
"squirrel - cage" configuration. The present invention is an inprovenent

over liquid cooled electric machines such as 10 t hose di scl osed by

. U. S. Patent No. -quﬁﬂd8¢60asﬁu@@ﬂﬂmaaﬁ&ntﬁ&b M8EWine Potter which direct
cooling fluid to a | ocatidhn adjacent heat producjyg rotor elements and -@f
depend upon the thernmal conductivity of the. rotor s
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‘tructure.to conduct heat

away, fromthe primary heat 15 - source and to the I|qU|d El ectri-ca
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the heat produced by the reSistance o conductors to current flom/ To
this end, inductfdgenocepsi ﬂﬂrﬁﬁécﬁastqaﬁMPﬁﬁﬁﬁpﬁo%#ﬁ%nﬁyoﬂoiélﬁ@ air .

t hrough t he rot oimpravemeRE ¥RWNA A d VSB1LX €1t ridhBadhines such as
dr awback f t hese systens has been that heat transfer bet ween the heat - v
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source and to the liquid.

Electrical machines consist primarily of a primary
and secondary windings, for example a stator and a rotor
respectively, which both contain heat producing

 conductors. To increase rotor and stator current, and

20 the efficiency of these machines, it is necessary to-
provide means to remove the heat'produced-by the resistance
of the conductors to current flow. To this end, induction
motors in the past have'been cooled by forcing air through
the rotor slots and around the rotor exterior. - The

25 drawback of these systems has been that heat transfer
between the heat producing conductors and the air was
not sufficient to provide adequate cooling.

Liquid cooling has been proposed, as in Potter,
abobe, but these attempted solutions have not proven

30 adequate for one of two reasons. First, if cooling ligquid
is allowed to enter the gap between the rotor and the

stator, more efficient cooling may result but increased |
rotational drag losses cause unacceptable power losses.
Second, systems which prevent liquid from-entering the

25 gap between the rotor and the stator have done so by
channeling cooling fluid to only a limited portion of
the rotor and relying upon conductor support structure to
transfer heat from the fotor conductors to the cooling
liquid. Such systems decrease power losses but do not



25 gap between the rotor and the stator have done so by channeling (k/)
cool'ing fluid to only a linited portion of the rotor and relying upon
.conduct or support structure to transfgr heat fromthe rotor conductors to
t-he cooling liquid. Such systens decreasg power. | osses but do not - 2-
reach heat transfer efficiencies which would be possible if the cooling
Knguid were in contact with the heat source.. The invention providés a

-y i.qui d-cool ed 5 dynanoel ectric machine conprising a rotor within a

ousi ng, conductors nounted-within the rotor and |liquid supply neans for

directly supplying. ooljng liguid in .ni.ti mate cgntact w he .
conduct or o hr oUbFRSR Toret B RREER, REsH R R AL wihid, heapessinle
wi thin the rotorif wiies ecool brgcdhqudBowerar dr exmtesct i withi aheshets
extending the full length.of the.rotor, the slots having transverse

di mensi ons Iarge§°?5ﬁﬁ’the cross section of the conductors thereby form ng,
around the conduct or sThel tavantioapateyidescta I5quideomsiefut e axi al

cool ant channel s Lgui Ly | & i aal _annul ar
cavi ty wi thin o R RRfat et faSHRReY SHRRT dil 1 efr JERER 20000
and neans for supphyimg, aconguctiors mbentad mitlih the rotondamdt ageously

liquid is conducte | pteri % I r.shaft £l ows
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the magnetic | engidubd iheinbtimatFheontact with the conductors
throughout the full length of the conductors contained

10 within the rotor, wherein the conductors are received
in axial slots extending the fullllength of the rotor,
the slots having transverse dimensions larger than
the cross section of the conductors thereby forming,
around the conductors, clearance spaces which’

15 constitute axial coolant channels, and the liguid
supply means includes an internal annular cavity
within the rotor in fluid communication with the
clearance spaces and means for supplying a liguid
to the cavity. _ ‘

20 : Advantageously liquid is conducted to the interior
-of the hollow rotor shaft and flows through holes
in the shaft to an annular cavity located at the

centre of the magnetic length of the rotor. The
cavity is formed by separating adjacent rotor

25 laminations either with spacers or by structure
including shoulders on the shaft.

= The liquid is advantageously contained within the
rotor and directed to the ends thereof by a sleeve of
& non-magnetic material surrounding the rotor. The
30 sleeve extends throughout the length of the rotor if

the rotor slots are open at the periphery of the
rotor, but may be shortened to span only the central
cavity if the slots are closed. If the sleeve extends



aYity is forned by separating adjacent rotor 25 | am nati ons either
u h spacers or by structure including shoulders on the shaft. The liquid
ﬁs advant ageously contained within the fotor and directed to the ends

“+fiereof by a sleeve of non-magnetic mateérial surrounding the rotor. The 30.

" sl eeve extends throughout the Ilength of the rotor if the rotor slots are
open at the periphery of the rotor, bug>nay be shortened to span only the
central cavity if the slots are closed.” If the sleeve extends t he ful
| ength of the rotor, the ends may be inturned to collect cooling liquid
around the notor end ring. Brief Description of the Drawings Figure 1 is a
| ongi tudi nal central sectional view5b of a dynanoel ectric machi ne show ng
one enbodi nent of the invention; Figure 2 is a partial elevatign of the
centre rotor |Emenfelbnlength efotde ingdar,2 tdie Ferpdsemay Begantdudnesl a

partial sectiqqal g}’%f&’g%??SBl@ﬁBeﬁﬁlﬁuéﬁTd t%zzd@{(}? éljxé‘?méf:éroénﬁi 9%%2;2

Figure 4 is a par L1onal “vie rotor simflar to Figu
showi ng an al tBxief eDescuiptionf of iDH gooling fluid distribution
space; 5 . Figure 5is aviewsimlar to Figure 4 show ng yet

anot her structure for providing a cooling fluid distribution space;,
Figure 1 is a longitudinal central sectional view

5 of a dynamoelectric machine showing one embodiment of
the invention;
Figure 2 is a partial elevation of the centre rotor
lamination taken alone line 2-2 of Figure 1;
Figure 3 is a partial sectional view taken generally

.



Figure 6 is a partial elevation' of a rotor |amnation used in conjunctio$Ljp;
with the rotor configuration of 10 igure 5; and Figure 7 is a parti al
section of .the rotor and stator show ng &@n alternate sealing sleeve end
configuration. Description of the Preferred Enbodi mrent Referring to Fig.
1-of the draw ngiong dinen3-3lof Figdmet2jc nachine is indicated generally
At 10. and, for exanple, is an induction pr_ "sguirrel-cage"” aor.. .The
“gbtor 10 has a housimgJ gl:ie e{lag'r?ala} p&ﬁﬁ’i%ﬁ %?c%n?%‘?ifi 1 oﬁﬁ,ngf’fe E&tﬁd"
under st ood t hat stiiné laousionFitghireoPplsieowing uan cabtisrnatie estirus¢nrehdor
wor ki ng portion_qf f tor o 1.4 by using 12 is
the primary win ?ﬁgt"%i‘n?;& sceac%:%r%'@zﬂ y%jh‘%ltﬁgéggi%{:géﬂl EgFggt he particul ar
- enbodi neAt shown in Figure 5 He @ iview simtlay td Figuve ¢t showdiagyyet it

woul d be on a Stabfihe DU NAUNAI Yed provigidbes EgbRihYeshfge housing

12 upon bearings and I'n a directihon opp Irection of
rotation of thedistaibugionyNgpacentati on of the primary winding 14 is not

essential to operati tor, t aligoga RV
P ¥ gfred e PP p&@;eiap Qieééﬁi%i Fg | ko%Bﬁ:e_q_aWJ.H]hetion

respect to the housing ™12 may decr ease .hai ntainin

sune rotational U§8GdN oG wikhtheusphgrt Renfipnzakisondhg 14 to
rotate rebativeriguree shougiqig 12 by nmeans of suitable differential gearing
(not shown) between the rotqor 16 and the rinari mﬁnding&14{ The raot ati onal

35 vel ocity of tHe-FHhehel SvhBHGELal| sechipnaafcihng retory angd whator
rotational veloghiowisly e dlc¥nde sealing sleeve end configuration.

" Description of the Preferred Embodiment
Referring to Fig. 1 -of the drawings, a dynamo-

15 electric machine is indicated generally at 10,énd, for
example, is an induction or "squirrel-cage" motor.. The
motor 10 has ‘a housing 12, a small portion of which is

- shown, it being understood_that the housing 12 completely
surrounds and encloses the working portion of Fhe motor

20 lo0.

Located within the hoﬁsipg 12 is the primary winding
14 and secondary winding or rotor 16. In the particular
embodiment shown in Fig. 1, the primary winding 14 is
not stationary as it would be on a stator, but normally
25 rotates relative to the housing 12 upon bearings 18 and
20 in a direction opposite to the direction of rotation
of the rotor 16. While rotation of the primary 'winding-
14 is not essential to operation of the motor ld, rotor
16 rotational .speed with respect t6 the housing 12 may
& 30 be decreased While maintaining the same rotational
output of the motor 10 by causing the primary winding
14 to rotate relative to the housing 12 by means of
suitable differential gearing (not shown) between the
rotor 16 and the primary winding 14. The rotational
35 velocity of the primary winding 14 is then added
directly to the rotational'velocity of the rotor 16



relative to the housing 12. It is only necessary for the purposes of the
ventlon to relaize that the rotor 1l6srotates and that it rotates relative-
the housing 12 and the primary winding 14. 5 A hol | ow,
7at|onary rotor support shaft 22 is f5ﬁed to the housing 12 by nmeans of a
ing nut 24. The purpose of the shaft 22 is to support the rotor 16, to
direct cooling oil to the rotor 16 and to conduct oil back to the oil R

circulation system 10 fromthe interior of the potor 10. To support the™-
rotor 16, duaFebakivegéoréhgndhousine :'r%ﬂglPad:l-ﬁaPP}YsBﬁGS&SéIanfCt’he

support shaf t{re gﬁﬂ'?%é"SYﬁ haid %ﬁéﬁ@.{oﬁheétréﬂalzérhéhh%t @hes o0
i ncl udes splipes

ornmed at .one end 15 c
cor r espondi ngh§ FBEARLESsFnG,dhaly i, ERF%Eﬁ%uFegﬁQEVeS T-E‘@ g’%?‘%lﬁ"%haft
36 is suitabl y2ashackae b&ﬂﬁk&YﬂﬁfﬁdﬂnQ 14. be drlven (not shown). The
primgry w nding 16 ttached to the a t riven b
means$ of 20 P‘fNF‘érl 'aI %g%%ér‘?rf‘@r%s %F%u%gﬁ gaf%sti%gt seen |>/n
Fllg 2, indivEixsed tor erﬂeamd\mmrg]slzaayvmeahsnaf herttalguhamu 24ed of
silicon steel te t he roshaf t core 40.
Each Ian1natlgﬂ SBugﬁgﬁﬁd a 5ﬂé¥€d%% fé Fg 3??? F% %%Iose c;cells 42
| ocat ed adj acft, tbedpaaqﬁunqplmngﬁoihetbahhearnans 38 anide Haani nati ons 38.
are assenbled Haﬁ Eh@&fﬂ%%%k ? eﬁkogggq EB Qs Ngi t udi nal f
slots. 46 which a t rou

extend axi he rotor 30
core . To f@rmmtmbergm¢en&9num£cﬂhe mmtere&pﬁlcally conducti ve bar - 48,

whi ch may be coppehrOyprt the rotor 16, dual bearings 26 and
28 are 1ongitudinally spacgd along the support shaft
22 and carry a hollow roto# shaft 30. The rotor
shaft 30 includes splines 32 formed at one end .

5 thereof which e#gage correspondingly formed splines
34 on an output shaft 36. The output shaft 36 is
suitably attached to the'apparatus to be driven
(not shown). The primary w1ndlng 16 may also be
attached to the apparatus to be driven by means of

20 - differential gearing as discussed above.

As best seen in Fig. 2, individual core
laminations 38, which may be manufactured of silicon
" stekl, are mounted on the rotor shaft 30 and form a
rotor core 40. Each lamination 38 includes a

25 © number of partially closed cells 42 located adjacent
the perlphery 44 of the laminatlons 38. The
laminations 38 are assembled suc¢h that these cells

42 are aligned to form longitudinal slots 46 which ®
extend axially throughout the length of the rotor
30 core 40. . . .

To form the rotor conductors, an electrlcally
conductive bar -48, which may be copper or cast
aluminium, is inserted into each of the rotor slots

46 and electrically connected
35 | '



alumnium is inserted into each of the rotor slots 46 and electrically (Egi)
connected 35 to conducti ng end‘rings 50 (Fig.lz | ocated at both ends of \~
;he rotor core 40. A cylindrical, elecCtrically non-magnetic sleeve 52 , :
conpletes the rotor assenbly 16. This slgeve 52 fits 5 tightly over the
peri phery 44 of the rotor |lamnations 38 to prevent cooling oil from
~entering the air gap between the rotor 16 and the prinmary w nding 14, as

1 be explgbn§$ﬂ§ya%f Iéhéfﬁéyﬁggygynppgg.ip 1B¥aPedlatchethl ewldd idf
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54 Ioca}ed.i@o&bQ ag\ﬁ$dnﬁh§ ﬁtﬂmﬁfgiﬁfndiﬁbelfasﬁs??mgg.ﬁﬁheapiahm?t in
an annul ar groqve i,ch surrounds e -support sha . e suppor
shaft 22 is mﬁq%mgaiﬁy(H%%?HTm a nunber of hol es 58 which extend

conpl etel y throughTtHee sidtdd V@ lmagpnBevhi general atdiltiul nmddor adndnedyvwbeh

e ooy S8 ERhaine iy 558, Borkieh AR Vs duddil" e 081V
drive an oil circulation pump to provide cooling. Usually
however, the motor 10 will be used as a source of auxiliary
power in conjunction with a larger prime mover (not shown).
This prime mover will have an oil supply for either

15 lubrication or cooling, or as part of a hydraulic drive. This.
‘invention contemplates using .0il supplied from the prime
mover as the cooling medium for the motor 10.

- 0il from the prime mover is directed to one end of the

rotor support shaft 22 by a paésageway 54 located in the

20 - motor housing 12. The passageway 54 terminates in an
annular groove 56 which surrounds the support shaft 22.

The support shaft 22 is hollow and cogtéins'a number
of holes 58 which extend completely through the shaft wall
and which are-lohgitudinally aligned with the annular groove

25 ' 56. These holes 58 conduct o0il from the supply grbove 56 to
' the interior of the support shaft 22. '

Located inside the support shaft 22 is a separating
tube 62 which permits o0il to flow to the interior of the
shaft 22 through a number of circumferential holes 64, and

30 also prevents leakage between the annular groove 56
supplying oil and an adjacent return groove 65 by means of
an annular seal 66.

0il entering the support shaft 22 will'travei to the

right, as viewed in Fig. 1, until it can éscape through
35 passageways, such as the passageways 67 located on the
6pposite end of the shaft 22, where it is .utilized for

o



L ated I nside the support shaft 22 is a separatlng tube 62 which pern1ts
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roove 56 supplying oil and ar adjacent return groove 65 by nea

VI evve Q:l:igg QIJ?&"’@S;EH Dliq'{e”}g g{grt %‘ﬁhggﬁ%g%; gre ib%ﬂ'\él"%é%\gy‘ts,he

h@pa%é&‘gemwi@n |amht5mb\urde hm‘m;mum etd thet bplihafd 22,

[ | yzeq,f u sageways 6
dﬂ?%rs? ?ﬁstﬂégwlece)h étl{r}\i prow d%ﬂ%?@%t;&‘ﬁ {:laetﬁ EE % ned j oi nt
32, 34 bet vﬁbﬁ\f? hd6 ¢ ot Bhishdubrigaticon He cacgomp bhslied by ﬁhovildﬁhag cation

7

| 4 8oL S alr RYNEENG & at ;&%J td P d'% & &8¢ fbn tagiléﬂ'o'c[éﬁ;ﬁuscrﬁ i nes

r1¥$|ch conduct oil spraye €. .passageways

i nt of 15 hehi 8t sameorrasi or m&ﬁ mléhé é@é{; 5?0%9}50“”

$PFaved £ rris frhen Pass agevay s fe! e sthevwspliness 33r @andlcit at

for the

d_al 1ot
Fedbedd SRoehl S Rolall s the sotot uire Songrungsonegsiiy 70

dmd]anbnicaﬁé theusotairehedpilig, sp|256 PSS BS Via & 3@53‘3&‘_0[3%\:2:%?1
e renc of the suppprt shaft 22. In addition e
ag (grrg% E §°F&d #g f%}' PUPSA (¢ cEPALIBAI thees to
crd:tét omnddcﬁarat 481 OB theas AILANG 1d)i PadSi@gEWRPOTD Mg be?2.

or

4

dd

’
4

™

RS8R, 4 1 3@;%%%3@%&“?%2#%&%&&?!&%%&%‘ fhe

apace@ around the c1rcumference of the support shaft 22.
In addition, the ocne or more passageways 70 may be sized to

act as restricting orifices to regulate oil flow and maintain

oil pressure within the support shaft 22.

0il conducted througﬁ the'one Or more passageways 70
will accumulate in and partiaily £ill an annular cavity 72
formed between the outer surface of.the support shaft 22
and ‘the inner surface of the rotor shaft 30. Some of
this oil will flow the rotor bearings 26 and 28 to provide
lubrication, but most will flow into a circumferential
groove 74 formed in the outer surface of the rotor shaft 30
through a number of circumferentially spaced passageways
76. The rotor shaft passageways 76 may also be sized to
act as restricting orifices and cause a greater or lesser
amount of oil to be diverted through the bearings 26 and 28.

After exiting tﬁe circumferential groove 74, oil flows
to a manifold area 78 created by separating two adjaceht
rotor laminations 38 located at the circumferential groove
74. The non-magnetic sleeve 52 whiéh surrounds the
laminations 38 confines oil to the manifold 78 and prevents
the same from flowing into the air gap between the rotor 16
and the stator 14.

Referring to Figs. 2 and 3, the manifold 78 is formed
by attaching spacers 80 to one of the rotor laminations 38
located adjacent the circumferential groove 74. ‘' Since the

¢



20 and the inner surface of the rotor shaft 30. Sone of this oil wll )4
flow the rotor bearings 26 and 28 to *provide -lubrication, but nost wll
floow into a circunferential groove 74 formed in the outer surface of the
rotor shaft 30 through a nunber of circ@nferentially spaced passageways 25
76. The rotor shaft passageways 76 may al so be sized to act as restricting
~orifices and cause a greater- or |esser anount of oil to be diverted through
-\J-he bearingsspecens 29 dof ot sxtend completedys acsessathy fage ©f the

flows to a npgninhti3hea 38} GLAMDILEERER! £BILIN AARRNEIRD spddds

| am nati ons ocat at the clrcunferenti a gl’ oove 74. non- gnet I C

sl eeve 52 whBBhasdr completedy (Eikhthe Ranbfodd: 78 from - qh?tﬁﬁ?%%nlfold

78 and preveglamkbers@® tid &hd | gyt Ighéd 04ahefalthegarame¢aﬁefn§ hegyotor 16
and the_stator 1 rriyng and 3, .the nanlé%id 78

is forn®d by attacﬁ?n&h%éﬁé%@t onEth 1!’%&“9&’&1 Aamination 1s 42
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provide a éeﬂeﬂ&@l&t E’?r ?ﬂﬁmggnﬁuép i% %ﬁnﬂh} b8s
dre askenbl el owh€renc allles m’bﬁaﬂﬂd pT®duowasdobotsd endserof rtgxavmtér ooot ke
from the maniPortl Fontlith Pinf EARROBRERETR MR, Core 40 in contact with
t he conductors 48. 011 flowing out of the rotor slots 46 will provide
further cooling by flowing over and around the end rings 50
and around the edges 84 of the sleeve 52 to the stator
15 conductors 86. Since the stator 14 is rotating and the
) stator conductors 86 slant away.fiom the axis of rotatioﬁ,
oil impinging on the stator conductors 86 will flow
outwardly toward and around the ends of the stator
conductors 86 and be thrown outwardly to the inner surface
20 of a stator support 88. '
- Throughout its'passagé, therefore, a large quantity of
cooling 0il will be in intimate contact with the rotor
iconductor bars 48, the rotor end rings 50, and the stator
conductors 86, without flowing into the air space between
25 the rotor. 16 and the stator laminations 1l4.
| 0il accumulating within the support 88 will be drawn
into a transfer tube 90 attached to the rotor support shaft
22 and conducted to an annular cavity 92 within the shaft 22
surrounding the separating tube. 62, 0il is then conducted
30 through return passageways 94 located in the rotor support
22 to the housing return groove 65. As indicated earlier,
the purpose of the support shaft inner tube 62 is to provide
the annular seal 66 which functions to separate entering and
ex1t1ng oil.
35 0il in the housing groove 65 is returned to the oil
circulating system by means of a housing passageway (not



flowing out of the rotor slots 46 will provide further cooling by .

ng over and around the end rings 50 and around the edges 84 of the

bve 52 to the stator 15 conductors 86. Since the stator 14 is ;
ating and the stator conductors 86 s|lant away fromthe axis of rotation,
oi |l inpinging on the stator conductors 6 wll flow outwardly toward and
around t he ends of t he stator conductors 86 and be thrown.outwardly to the -

i nner surfac of stator,support 88., Throughout its passa el
therefore,  Shdye sfitfef, Br toBoRBRg1RS Lnlde R sRotwRRooLs cORPIEA i ¢

t he rotor cmmﬂﬂnetutneé ¢8, theemotbar 1®d rings 50, and the stator
conductors 86, wthout f th | ac, t rQtor
16 and the stator lamn #ﬁmkggthagPV %1 lﬁﬁi ﬁb fguéﬁ tgﬁpg

will be drawnliet passagewayr Sﬂubﬁhgoualht @tmneﬁ td:é supportuphaftt shaft
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t he separat ng t en con ucte

passagevays supportitgbaft 2Re rUpon £igddng the dl@lrfeouoagppgr keshef tgr2dwe

65. As indiggi aﬁsié@éuréhexw BaseeObithas ttﬁP@ﬁ%h' Ghe’ nuiRebDdE S |,
to provide th annu seal whi ch functions: separate-entering and

exiting oi | support shaftcppsgagewayfoldd Aptar ea@EulérréPﬁﬁﬁeazto t he

oi | circul afdﬁ&&@tﬁ‘@tﬁéeﬁeéﬂé QBt%r HansaPeVBY 4RQt the $6RWY)
Slﬁ1|ir to t ousji ng |n%§tﬂg ssa c oled and_returned to the
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not or a9on,T I "'f’- lﬁeb?lo‘a%‘i‘ﬂﬂcFﬁfleF% geway
54, thrOUghmhﬁ¥f¢Ea @&eauvaoéteah&ﬁtbetween two adjacent rotor core

laminations 38 bythe mumber of roth passageways 76 and the
circumferential groove 74 formed in the outer surface of the
rotor 30. This cooling o0il will $e trapped in the manifold
15 - 78 by the non-magnetlc cyllndrlcal sleeve 52 which surrounds
the rotor laminations 38 and extends on either side of the
rotor core 40 beyond the rotqr end conductor rings 50.
Rotor slots 46 formed by individual lamination cells
" - 42 form a clearance surroundihg each longitudinally
20 extending rotor conductor bar 48 which retains oil in
contact with the conductor bars 43 while permiﬁting this oil
to flow longitudinally toward each end of the rotor core 40
from the centrally located manifoid 78. This coollng oil
will then flow over the conductor end ring 50 and be
25 ‘directed by the outwardly extendlpg sleeve ends 84 to the
stator conductors 86. The stator conductors 86 are shaped
to slope‘radially away from the rotor 16 to direct cooling
oil away from the gap between the rotor 16 and stator 14 and ~»
against the stator support 88. 0il accumulating on the
30 inner surface of the stator support 88 is conducted by a »
series of passageways to the housing groove 65 which
communicates with the oil supply system to recirculate the
cooling oil. | |

e

A system is thereby provided to maintain a substantial
35 flow of cooling oil in intimate contact with the heat
generating rotor conductors 48 and stator conductors 86



- s
5 passageways 58 and holes 64 into the interior of the rotor support K\z(/
shaft "'22. Upon filling the hollow support shaft 22, supply pressure will
calise oil to pass through the nunber of support shaf t passageways 70 into
the annul ar space 72 created between thd® otor support shaft 22 and the
rotor 10 shaft 30. This oil will ultimately be conducted to the

mani fol d area 78 created between two adjacent rotor core |am nat.ions 38 by
“whe nunber ofwhiatlori peseagesaheat6tzadstler (and:mﬂferexnmalygcoo!zs thef or ned

e he Ot ot upc ot G £0aE CpREnBRes pEl " W B8 | b | 4aBEREEARRRT chd
surrounds thaotnnNIGeﬁnﬁastaher3B4andEéfﬁ@mﬁntncaﬂliﬁg ts deheteble rotor
core 40 beyonghdnd v ﬁ@@&%?ﬁgyﬁﬁgi g 2t atd ot i #(ﬁéségﬁfBEQEthy

i ndi vidual | am nation ce orm a clfearance surroun
| ongi t ui nal Iinternal g@ehng npardsowhd ehd wendd tmcmasmupnweat 3ipssesi.l in

contact with the c rgb e eéﬂ&&iéﬁh%

| ongi tudi nal |y towar eég 3 iu%@rﬁ@b%ofgﬁ core 40 pg%?t%é %gnp$g?Fc1ng

| ocat ed nani fidre) manif Q¢@s°§8bFYn380BF Q6ﬂ#¥qIQﬁth%rrPh@rc§ﬁéﬁcﬁ@ﬁ
@nd ring 50 affl 41fiecons €t aeEL 8 ,Pynt Bﬁn@ltd&arg‘d 4 &L £o61 96 §§eﬂ5?m%&d%t84

ib the stator conductors 86, The'stator conductors 86 are.sh aped tao sl ope

fadial 'y awafhﬁwﬁﬁﬁ?%?r%ﬁoPh§6t98°H|QQC@QNRQQYKFQN?etéhhynﬁrﬁhpﬂﬂéegép93
bet weelmot he ron c%zﬂtﬁexan@lméaber thé fandua@a* d‘{% 4 at o'rhéueneund&&s ggl
accunul a |ng on I nNher surrta e S or s or

Somduct ad by SHibagkt.and seBAERLe.Cents al JalinaCione oLO8 Bt SReeRased
connunlCatesﬁMidkﬂéEsOahdSSﬁﬁE!cithtemddhaninaIR&E&émgbﬁ eeobepgr@ﬂe the

R

systemis t rovi de a_substanti coollng
o T Th ot naeminAtCne (e @ FBORL kel ARl RY S0t Supntut 88, Eheg ang
st at or condwﬁpaceﬁﬁiso used in construction of Figs. 1 and 2. These-

15 central laminations 100 may be formed of either a magnetic

or non-magnetic material and must of course contain
throughholes 102 aligned with the rotor slots 46 to allow
passage of the rotor conductors 48 and cooling oil.
‘As further illustrated in Fig. 4, a retaining sleeve
20 52 identical to that used in Fig. 1 is employed to prevent
oil from entering the air gap between the rotor 16 and
stator 14. Also, annular grooves 104 may . be formed in the
rotor 30 adjacent the shoulders 98 to retain the central
laminations 100 and maintain these laminations 100 in an
25 upright position.
Flg. 5 illustrates a mod1f1catlon which forms the
 manifold cavity 78 in a fashion similar to the construction
of Fig. 4, but which allows the central laminations 100 to
be eliminated and further. allows the o0il retaining sleeve 52
30 to be shortened. 1In this constrgction, a number of rotor
laminations 38 adjacent and on either side of the rotor
shoulders 98 are formed with a reduced diameter compared to
the remaining laminations 38 to produce a step 106 at thé'
periphery 44 of the rotor laminations 38 on either side of
35 the manifold cavity 78. A shortened oil retaining sleeve or
band 108 is located within the step 106 to prevent oil from



ptting oil to enter the gap between the rotor 16 and stator 14.
B i cient cooling is thereby obtained without increasing rotational drag -
7| osses between 5 i nternal noving pafts which woul d i ncrease power
| osses. Figure 4 illustrates an alterigtive met hod of producing the
mani fold cavity 78 at the centre of the rotor core 40. In this -

30 to provRaEaPAPE A U o “bad paRs e RV A ALty O T
g;o?xgrZgécgﬁrﬁfgﬂwumﬂnatﬂﬁhsupm@;taan&heepaﬂﬁaﬂ(inﬂﬂig.Iéuﬁnneﬂonetloo
am nat | onBesBESVERER, TS e bk BECRRS Wlectd IUE bddk SgGh Ahe; |©
const r ut | Galaf rsﬁim Laminat orhede- tg5j_ts_epa<;m ;nhlqsmlrmim%i-qee aad be
cont algn t h?gtﬁghiﬁo%é{?%iaﬁ%eg%ﬁg?ﬁél ?o[rgf' e;: gt sazg '[r:J)S;I Fgwcgg;::ge
of the rotor conddcttids 4w BRtedothas én thes qanstrction ok Xi9-i R Fig.
4, a retai RRYHRREhId roter | §ESEECaE bE FiY. Ushi hdi Tondet Sbenpl oyedy
to prevent orl fromentering tﬂe ai . gap_between th otor 16 apd .stator
14. Al so, eapioyed ogr('x"ﬁﬁz%el@ﬁe%9nﬂﬁgf SLOLS 46 twﬁré)t?ﬁr%t aBtackRt the %
et hart ool FAA e 0t chel STORS 47 nbare: (e s Shese
modi +Pcat | e tWeedh the KOtPR ﬁéng'f‘él g EaF 2 °f8|]1941' a #%ﬁ%%gégifﬁgp P&t he -
constructi gnow, k@ the bihcrbasédakbtetionalcairtagildssesarhboh €6aldo be
el i m nated b%ndasfslgctiha r'e'@ lvlwfiy.\ﬁ énce:hOiolilr %&W,i %élre&/& 5].2aminations 38
used in the construction of ﬁig. 5 must be formed with
. closed throughholes 110 as illustrated in Fig. 6 rather than
15. the open-ended cells 42 shown in Fig. 2. The closed
' throughholes 110 are formed to pro%ide a clearance around
the rotor conductor bars 48 to permit oil flow through the .
rotor core 40, as in the construction of Fig. 2, but with
éhe closed construction, the laminations 38 themselves
20 present radial oil flow thus eliminating the necessity of
providing a rotor sleeve 52 which extends the entire length
of the rotor core 40. _
_ Fig. 7 illustrates that if a sleeve 52 were employed
which extended beyond the ends of the rotor core 40, the
25 ends 84 of this sleeve 52 need not be cylindrical in shape,
but may be shaped to more advantageously direct the flow of
cooling oil. In Fig. 7, the sleeve 52 is formed with an
inwardly turned flange 112 at each end and a throughhole 114
longitudinally aligned with the conductor end rings 50. The
30 construction of Fig. 7 would be employed when increased ¥
cooling of the end ring 50 is desired, and this increased
cooling would be obtained because the inwardly turned fiange
112 would cause a pool of cooling oil to be formed around
the end ring 50 thus ensuring that heat would be conducted
35 to the o0il from the entire periphery of the ring 50.

'<mh;;h i ncreases heat transfer and efficiently cools the motor 10 wi t hout -
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30 €0 be shortened.  in this construction, a number of rotor |lamnatio
38 adj atent and on either side of the rotor shoulders 98 are formed with a
reediced di aneter conpared to the renmining |am nations 38 to produce a step
106 ‘at the peri phery 44 of the rotor |aninations 38 on either side of 35
the .manifold cavity 78. A shortened oil retaining sleeve or band 108 is

| ocated within the step 106 to prevent oil from escaping radially from
tee manifold cavity 78. Heavy central \@ainations 100, as those used in
Fig. 4, need not be provided since the ends of the sleeve 108 bear upon the
full sized |lam nations 38 to separate these |am nations and 5 create the
mani fol d cavity 7fpel I €, L0 ti f Fi 5 the
open-ended rotor s ot Bo%% fﬁ'g H,gfye ? oén&]etrzsbéfg%ﬁ ogg 3 e‘%‘é:
open- ended tsh%t%tawaomoepadpat@ws @iﬁlr oF fﬂhﬂ/v holies| l§l4omayobet ed iglimatets
and enter tiyd 11 VaP1léled tRCEIRRN drdundHe 16aged Eheh t%&%gsﬁn“l CzTO

prevent such_oil flow, and_the increased rotation rag osses woul d
be associ aldkt GPUFSeuchbe; P°flle§w ldhaawihe skredatPosause asearitialhe

const suct i GFL & &9015 fmibuga the bW N 14 ossd sféeUShpaﬁif 181%% of

|I‘1’ustrated.| 8 3‘ gth%ht an i@ t he open-ended shown.in
Flty. 2. FundnEBgghkange 11@.ar &1 Jittkd fashienideid @ayabsnce
ar,,oungot he a:mmth@@nﬂuctne taame%wmaerwaﬁl?uhoﬁ OéﬁflﬂEQHBI%lSrh%ordit %he
core as_,l ucti ut, w e cl osed

constructi 6te aq'téfe f’bﬁsg§8aﬂ‘£ﬁg@ \F&é)ﬂngs p?ésent radial oil flow
thus elim nating the neceSS| ty of providing a rotor sleeve 52 which extends
the entire length of t he Fotor core 40.



7 illustrates that if a,sleeve 52 were enpl oyed whi ch extended beygnd
ds of the rotor core 40, the 25 , ends 84 of this sleeve 52 need not -

e cyI | ndrmn“umumﬂﬁmu]! t may be shaped to nore advant ageously
direct-the oil. In Fig. 7, the sleeve 52 is formed with an
oinwardly turned fTange 112 at each end and a throughhole 114 longitudinally
~aligned with t he conductor end rings 5Q> The 30 construction of Fig. 7 _
“woul d be enpl oyed when increased cooling of the end ring 50 is desired, aNGype.--
this |ncreasegL£?ﬂg|ng woul d be obtai ned because the inwardly turned flange

112 woul d cause—&—pool of cooling oil to be formed around the end ring 50
t hus ensuring that heat woul d be conducted 35 to the oil fromthe entire

periphery of 1he rangiglid-cobleddararddl seyrbe maehniged domphieiig oil
agai nst the stator .conductors 86, or the holes 114 nay be elimnated and

oil allowed ta fbtwrawdtthdnt ke hedgeimf ddwedbitaogs hdinted adwigin the hol es
114 may be sized to cause a partial 5  flow of oil through the holes 114
and al so a pathéearotbewaafl diilquardwupphe heangefdi2dirketllyi s fashion, oi
may be directed in the manner which woul d nost, efficiently cool the stator
conduct ors 86sapp1yhageadcopdgngﬂllquldlihhﬁhﬁlmata lcioapitiac:tc ol tel e
dynanoel ectric machine conprising a rotor w thin a housing conductors 4!;
nount ed &i t hi théheondtigtoasd thirpuighaupptlye nEahd 1engtthr edt Ithesuppl ying a
cool-ing liquid in intimate contact with :

conductors contained within the rotor, wherein the

conductors are received in axial slots ektehding the

full length of the rotor, the slots having transverse -

dimensions larger than the cross section of the

10 conductors thereby forming, around the conductors,

clearance spaces which constitute axial coolant channels,

and the liquid supply means includes an internal

annular cavity within the rotor in fluid communication

with the clearance spaces and means for supplying

15 a liquid to the cavity.

2. A liquid cooled dynamoelectric machine according to
claim 1 wherein the rotor comprises two stacks of

laminations separated to form the éavity.
3. A liquid cooled dynamoelectric-machine according ®
to either preceding claim, including means for radially

20 retaining the liquid within the rotor.

4. A liquid cooled dynamoelectric machine according to



5 ﬂﬂ!ytonductors t hroughout the full |ength of the conduc —cont ai ned (%ﬂ?
W thin-the rotor, wherein the conductors are r Fved T n axi al &l ots '
extending the full length of the rotor, the sI.ot‘ Ba Wi “\M\ﬁ%\\}r{ée
dinensions larger than the cross section of the \mﬁw er eby
.forming, -around the conductors, clearance spaces "M« Lcofistitute axial
cool ant channels, and the liquid supply ans includes an internal annul ar
Gavity within the rotor in fluid conmmuni'@ati on with:the clearance spaces
and neans for supplying 15 a liquid to the cavity. 2. A liquid cool ed
dynanoel ectric machine according to claim1 wherein the rotor conprises two
stacks of |ani nslaim Ieparerednt bheol AauAd ¢abaining means | Haryudes| ad

dynanoel ectric machi ne according to either preceding claim including means
for radially 20 skegee rehgnenznagpatdcwmagker igde sWirgunding apdi quij d '

cool ed dynanoel ectric_machi ne according to claim3, wherein the liquid
retaini ng means §¥EeRART atBe efytl ol epghn@dn&3id KT al surroundi ng and
extending the full length of said_raqataqr. 5. A liquid copl ed

dynanoel ectric rachi i E3apidsFagl edsdynaBeslartaiG Rarhing neomPRigingedst
ty sectioqi mounted, wi t hin the housing,,the rqot or sections bein seBarated
tORf or m an AnnulRRUSERGL R eHOERYi FQTRREr dPeAledif2T oI R FEF ORF 0P URGR

i the rotor sectjons, rotor conductors mounted within the, sl ots extending
Lhr ough 500 thorShEs CRehoReiafa BhrotetaT SERATGRS i ReonepRspEad

supplying a flow of .cool ing liguid to the cavity and IS petyeen,

longitudinal slots formed in the rotor éections, rotor

conductors mounted within the slots extending through
.10 the rotor séctions and across the caviﬁy, and means for

supplying a flow of cooling liquid to the cavity and thus

to the slots.

6. A liquid cooled dynamoélectric machine comprising a
15 housing, a hollow shaft mounted in the housing, an

annular rotor core mounted on the shaft and formed of

at least two sections separated and spaced along the

shaft to form a cavity defined by oppqsed ends of the

rotor sections and the shaft, means for conducting

20 cooling liquid to the interior of the shaft, passages

’ _ﬁ""’w" (‘,

in the shaft to provide fluid communication between the
interior of the hollow shaft and the cavity,_conductors
mounted in the rotor sections, slot means surrounding

the conductors for directing liquid along the conductors

25 from the cavity to the ends of the rotor sections remote



N he -slots. 6. A |iquid cool ed dynanoel ectric nmachine conprising =i/

QUsi ng, @ holTow St meurted i n thezhousing, an annular rotor core *.

. NRounted on t ] farned of at |east two sections separated and

- .Spaced al onglmuﬂwgﬁmnﬂiﬂ ma cavity defined by opposed ends of the
rotor sections andc «t, Mmeans for conducting 20 cooling liquid to

the interior of the shaft, passages in the shaft to provide fluid

.
[ i
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conmmuni.cation between the interior of the hollow shaft and the cavity, et - -
conductors nounted in the rotor secti , Slot nmeans surrounding the
conductors for directing liquid along the conductors 25 fromthe cavity

to the ends of the rotor sections renote fromthe cavity and neans for

containing the liquid within the cavity and the s|ot means throughout the
combi ned | endi¥omftheccauityyanddmepds Gy ctabpingrthe Aigudd d cooled
dynanoel ectric machine substantially as described herein with reference to

t he drawi ngs.wittkinekheofravhsyspdd fiheatsiat H&%a%%eﬁhF@BﬁgAHHEe& |

phot ocopyi ng the applicants_original typescript. It may contain a few
amendnent s weembibred 4l engshl ot FheesEVity o?b@iﬁaF°¥y58§&H°§F- n
contai ning these amendnents may be inspected on the prem ses of the PatenpiE;
Ofice _ B o

7. A liquid cooled dynameelectric machine
5 substantially as described herein with reference to

the drawings.

The text of the specification has been reproduced by photocopying the applicants original
typescript. I+ may contain & few amendments which are diffiocult ‘_ao read.  The original
typescript containing these amendments may be inspectdd on the premises of the Patent Office
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