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[0001] Electric nmotors for vehicles need to have high efficiency to
conserve power. Furthernore, in unmanned aerial vehicles, |ight weight and
conpact ewecbrowmsermtors are al so desirable. Thus, ironl @es3/useaonssiase often
used which can provide the benefit of no iron | osses due to changing fl ux
direction . [0002] Motors are nornmally rated for the peak power and
efficiency of the motor. In some applications, high part |oad efficiency is
desired, which is high efficiency gﬁ%ﬁ ROENRi ne is | oaded at a partial | oad,
i.e. 15% or goyE Pt herg percent mo£9993ko¥%%msclré%edfﬁéﬂed Scd BhoBeh; o
efficiency conpact notor . SUMN[ ARY [ 0004] In one possible enbodi nent, a
not or st provdded tonctoudiegva pover. anauatSEamore,Fnonmnmaohedgabmn@lare

t her mal | upl ed;to front, of the stator, and rear ng fins thermally
coupl e Yo e R tar L68PE: GIEBIT hahd: S e othe NERET G 10 BRCuethe s AECFT ont
and reafe£o0dbng. fi nshus [ 0005h1kBsVaid©itss eakedi aend:s, uishe Mpk O&h hasinan

i nner and outer rotor connected together. The stator |ocated between the

i nner éﬁﬁ“ﬁh%%rthétd$§“ﬁ%§iaoﬁnﬁﬂingrﬁptHféﬁﬁﬁhc@@?stéhc%%%@g%%gafﬂWérnalIy
conducpigféégﬁé?j al. Athermally conductive front yoke is nmounted to a
front end of the winding with front cooling fins nounted to the front yoke.
A thermal |y poaRict i velatears yeke nounrtadl ¥ orateelarfcemd tok tiheak pdivieg Wit h

rear coolin i ns nountgd %o the rear oke 0006 sone e oglnents t he
front Satréci gf JOGkJeel?r%X/ oI the motor. n some app 1catlons,

load efficiency 1is desired, which 1is high efficiency when

machine is loaded at a partial load, i.e. 15% or some other

percent.
[0003] What 1is needed is a higher efficiency compact
motor.
SUMMARY
[0004] In one ©possible embodiment, a motor is
provided including a rotor and a stator. Front cooling fins

are thermally coupled to a front of the stator, and rear

cooling fins thermally coupled to a rear portion of the

stator. The winding 1s between the front and rear cooling
fins.

[0005] In various embodiments, the motor has an inner and
outer rotor connected together. The stator located between

the inner and outer rotors has a winding with conductors
encased in a thermally conductive material. A thermally
conductive front yoke is mounted to a front end of the winding
with front cooling fins mounted to the front vyoke. A
thermally conductive rear yoke mounted to a rear end of the
winding with rear cooling fins mounted to the rear yoke.

[0006] In some embodiments, the front stator vyoke may
surrounds three sides of the front end of the winding, and in
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surrounds three sides of the front end of the winding, and in Attorney Dkt
AERO' 010 AVl Dkt AERQ 0l10sone enbodi nents, the rear stator yoke may
surroundswohlowa3isis«des of the rear end of the wi nding. [@COAIS2000/0881Mm%

enbodi ments, the rear cooling fins have a solid outer annular face and are
oriented radially, and extend radially between the rear stator yoke and the

outer annular face. In sone enbodi nents, the rear cooling fins have a solid
outer atiiR aP™PREe "SRG Sar et iof | &Ped PRAFAFI WO kihdMaXt eTer FAM AT | v 5ECween

the reas; statof yoke.and dhe outere apniafg face . BRIEF DESCRI PTI ON OF THE
DRAW NGS [ 0008] The features and advantages of the present invention wll

be bet t E¥0Qihder stlIoodswineh grégatidnarg 4 ,hethel Imm@mgcdescng ptiiiors, appended
cl ai ms, and, acconpanyi ng drawi ngs ere: [000 FIG,.1 . shows sinplified
oxpl oaett pi SpCeTT v e R Bndnar e RbCar ofos0ior LEre S50 Asreng

si mpl i fied £rogspeesteanalhesi gdea¥i ewadbrt heolmt ahdoftid Guleal enrgulls

| ongi tudi nal axis. [00011] FIG 3 shows a sinplified perspective view of
t he st at®dte havihgs ¥wi FEPAGINE0DOL2RFI 6224 SRewsNE $iApl PRVEdaviséwldl ong a

cross seetion of, hhe mtor, of \fl G 2 . [00043} FLG; ows. 2 Siaplfi ed
fromt ool Dratg, TRl Phnt neyertOAER&%m AVIl%&]%‘S}bAERO’ 010DESCRI PTI ON
[ 00014]|r&iG11ly shewsecansitip | feed expltodedy@er spedt ittee outer annular

face.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The features and advantages of the present
invention will be Dbetter wunderstood with regard to the
following description, appended c¢laims, and accompanying
drawings where:

[0009] FIG. 1 shows a simplified exploded perspective
view of an example motor.

[00010] FIG. 2 shows a simplified cross sectional side
view of the motor of FIG. 1 along its longitudinal axis.

[00011] FIG. 3 shows a simplified perspective view of
the stator having a winding.

[00012] FIG. 4 shows a simplified view along a cross
section of the motor of FIG. 2.

[00013] FIG. 5 shows a gsimplified front view of the

motor.
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view of an exanple notor 10 along axis 22. A stator 40 is secured to a
housi ng 60. Inner rotor 50 and outer rotor 30 are secured to each other and
surround wbheosvms™s 40. An optional propeller hub 75, i mCo/uskéoohsginopel | er
bl ades 70 are nounted, is secured to the inner rotor 50. The propeller hub
75 rotatably mounts on the shaft 65 with bearings 16 and 18. The beari ngs
16 and 18 are retained by retainers 2 Q and 14 and cover 12. [00015] FIG 2
shows a sinplified cross- sect i onAESGRIFTAMNy of the notor 10 of FIG 1

along its | opgd 14#rﬁ“Ff@"512%ho%@ee§t§ﬁéﬁlf¥Hé§ éQE@E@deskﬂ%ﬁ% gRets 35
and 55 of the i nner and outer rotors 50 and 30, respective shaft 65

may be figbri cat ed ofxzwybonmbiber 16r otdey switalile naﬂemtﬂtoqoaalap FlI G
3 shows_a_si fied Jperspect jye vi w of the stator 4 v ng a_w nding 45.
The i R FS SndBSbali t hin ¢ HONSine BTEa, SBoGihg 1y s A3"Hhd WA ar o
bonded 4. t Bechireat wndebaek stiador ayokespordiods t43f @@@Itélﬁb,zio An

respectively. FIG 3 shows one air flow cooling path i ndi cated by the
arrow 301 oughoRhikl ebol g 7P nd 42 g Y. PTODRLTFT PP&rdas sHEws '8

si ol i e Q1055 SectioneQr (bhe aotanclo ofy Bl Go 2 . ribe i adhng 45, 4as a

conpressed centr region 45c. The w ng 45 is conpres in the central
regi on ﬂ%crsbatahlynmpencendmntwmanam@fta650M1¢hethndmngs456candbé8p|aced

bet wee nets ﬁ g g and so_ that re co nduct or _can gs Iocated
ol oser T TR 2 TS nhe 58 0t T EheL FBRoPs S0 ARECED 20 freviide s
increaaggnﬂagngtlc fleld strength in the winding 45. In thls enbodi nent, it
i's not necessarg'that t he ends 45e of the w nding 45 al so be
1 FIG. 2 shows a simplified cross-sectional side
view of the motor 10 of FIG. 1 along its longitudinal axis 22.
The stator 40 1is located between magnets 35 and 55 of the
inner and outer rotors 50 and 30, respectively. The shaft 65
may be fabricated of carbon fiber or other suitable material.
[00016] FIG. 3 shows a simplified perspective view of
the stator 40 having a winding 45. The winding 45 is encased
within the stator 40. Cooling fins 42 and 44 are bonded to
the front and back stator vyoke portions 43f and 43b,

respectively. FIG. 3 shows one air flow cooling path,

indicated by the arrow 301, through the cooling fins 42 and

44,

[00017] FIG. 4 shows a simplified cross section of the
motor 10 of FIG. 2. The winding 45 has a compressed central
region 4b5c. The winding 45 is compressed in the central

region 45c so that more conductor material of the winding 45
can be placed between the magnets 35 and 55 and so that more
conductor can be located closer to the magnets 35 and 55 of
the rotors 30 and 50 to provide increased magnetic field
strength in the winding 45. In this embodiment, it is not
necessary that the ends 45e of the winding 45 also be
compressed. This is because the ends 45e of the winding 45 do
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conpressed. This is because the ends 45e of the wi nding 45 do Attorney Dkt
AERO' 010 AVI Dkt AERQ 010not pass between the magnets 35 and 55 of the
rotors 30ward10@3674p00018] I n accordance with various enipotiuseswsdssifior bot h
axial and radial ironless P.M or permanent magnet machi nes, the w nding 45
shoul d have a high packing density to mininmze |I2R |osses and a
construction that mnimzes eddy | osses. The magnets 35 and 55 in the rotor
30 and B0F pa’ss oPerrGRAertRE c%ﬁ??%?saéfsl V&Y ey? oAt 458 0T e Her St aP 0P ndi ng
45, andsot over/under the edges 45e of the stator winding 45. Thus, in
vari ous enbodi ments, the active region 45c of the wi nding 45 should have as
nuch conductBf¥0038k. copperGecasiaussi biigh n whe gl ursloidimisetact | V@ egi on

45c. 0019] AIs arlo s .ermhadi nent s he wi ndi ng 45 sh ul d _have high
Fai df (5P 00 HAEE he A i 745 dded oS ddf Tt nd SE3ABATY S hE G Tet s 235

or 55, mi@@de@t@t@iwm@ hst apdothe hatve- zaOhE_ghnp\a@ktlageae@@dt@zsmcu at ed
forces. The w ndi Q]% 45 is enclosed in a suitable naterial, such as epoxy .
[00020]m375(}1tWtﬁRgh IshowPdsgeafor &I |q5>§t8rtdftq6&ﬁ0§ur58§és myhEN B335 g&Fe VAU

and 49i; hetyeen tﬂé‘l & staleL. 4033nd {hesdragpets, 35.ang, o gara"né”%' p3Q ot hat

t he magnets 35 and 55 provide the maxi num nmagnetic i The win |ng 45.
The cl ose=proxden t § cbntthelstaaiturveflOra\giQnthécrmag’netlge 35tahdr5%inkiowever,

can facj |tat unwant eg heg ansf r fr hator 40 to.the ets 35

and 5o br BT UG Gape: ASuahat 08] BT choBsETvE Roat LA AAAAaES He.

magnet STHR%s ANdn55;a t ey St atBbd4Behs spr ovided with frant oand skacks ceold ng

fins 4%«ﬁﬂgni§'45 should have as much conductor, i.e. copper, as
possible in the volume of the active region 4b5c.

[00019] Also, in various embodiments, the winding 45
should have high rigidity so that the winding 45 does not
deflect and contact the magnets 35 or 55, and to adequately
withstand the turn-to-turn voltages and associated forces.
The winding 45 is enclosed in a suitable material, such as
EpPOxXY.

[00020] Although shown large for illustration purposes,
the air gaps 49u and 491 between the stator 40 and the magnets
35 and 55 are small so that the magnets 35 and 55 provide the
maximum magnetic field in the winding 45. The close proximity
of the stator 40 with the magnets 35 and 55, however, can
facilitate unwanted heat transfer from the stator 40 to the
magnets 35 and 55 across the gaps 49%9u and 49i. As excesgsive
heat can damage the magnets 35 and 55, the stator 40 1is
provided with front and back cooling fins 42 and 44.

[00021] Thus, the winding 45 should have a low thermal
impedance path to the c¢ooling fins 42 and 44. For most
embodiments, the winding 45 is encased in epoxy mixed with a
thermally conductive filler such as aluminum oxide, boron
nitride, or other material that facilitates heat conduction.

Attorney Dkt: AERO/010-09
AVI Dkt: AERO/010-09

5 of 16



[ 00021] Thus, the wi nding 45 should have a | ow thermal inpedance path to
the cooling fins 42 and 44. For nost enbodi nents, the winding 45 is encased
i n epoxy woOxet)/osst4#h a thermal |y conductive filler such a&sTalSaemonssmoxi de,
boron nitride, or other material that facilitates heat conduction. Attorney
Dkt AERQ' 010 AVl Dkt AERQO 010[ 00022] The front stator yoke 43f surrounds
the front end 40ef. of the stator 40 on three sides to provide nore surface
area for heatOWarduct iOH ofifOBE & tat ¥P X0 4PhAt SHHE bt tR_E atfdrNoke

43t . Sidfd agly, tde back ypkeoA3bysuprounds.d hreesi des of rdhegbagls gnd
40eb of the stator. [00023] The cooling fins 42 and 44 may be nade of

al um numoraot hereasufcabheat i ghtdecghtnheat condbet svetoat d0i ahtoThée
cooling.fins 42 and 44 ma e forned separately and bond with a | ow
oy 2 T R o EL NI R st et R T P B R RS
formed whide tdiems Ruf ther vdckt SSpossid] &1l rhsore sepbqQdi ments that the front

end 40ef of the stator 40 and the back end 40eb be directly connected to
the cooling F9R23Ib antha4 cocddpéct EePy. 47 000%4] “Fhe™P¥onte cdidhg Offi ns 42

F
ext end @Mg,y-r{ a ferward, direction,fromit.he fraont surface 43fj,Lf-+the front
stator yo el4d?:}?l . The front coo ?ng i ns 42 aree%adi a‘lIl y orié)rrlltegwith

respectmateetiwel axiise 2200FiBy21f)ins Tle drackd Sundwacec42Zbrobdt bepeaolticedy fi ns

42 bonded to the front surface 43fi of the front stat ke 43f. Th
{ront  <UN aBe™d3F df-if ofit el FRG™1 2hs ‘FPIEE | BoRAch L nEot & 11 ows

radi al |yo1ead wag € dhd ough, the {ro84rs00Li RErhbASw42nWihBnl espectnke tike axis

22 (FIG 2 ) . In another enbodi mnent not shown, the solid front surface 42f

i s not Pt ekentille s ppme embodiments that the front end 40er of the
stator 40 and the back end 40e, be directly connected to the
cooling fins 42 and 44, respectively.

[00024] The front cooling fins 42 extend away 1in a
forward direction from the front surface 43f, of the front
stator vyoke 43f. The front cooling fins 42 are radially
oriented with respect to the axis 22 (FIG 2). The Dback
surface 42b of the cooling fins 42 are bonded to the front
surface 43f, of the front stator yoke 43f. The front surface
42f of front cooling fins 42 is solid such that the air flows
radially outward through the front cooling fins 42 with
respect to the axis 22 (FIG. 2). In another embodiment not
shown, the solid front surface 42f is not present. In still
another embodiment not shown, the front fins are oriented
radially, with air flow axially between them instead of radial
air flow. Other configurations are possible.

[00025] The rear cooling fins 44 surround the back
stator yoke 43b and are radially oriented with respect to the
axis 22 (FIG 2). The rear cooling fins 44 are surrounded by a
solid outer ring 44o. The inner surface(s) 44i, which may be
a bent over portions of each of the fins 44, is bonded to the
top outer surface 43b: of the back stator vyoke 43b. The air
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anot her enbodi mrent not shown, the front fins are oriented radially, with
air flow axially between theminstead of radial air flow. O her

conf i gur avpanr/@sB3possi bl e. [ 00025] The rear cool i ng fipas/usdomemss108ind t he
back stator yoke 43b and are radially oriented with respect to the axis 22
(FIG2 ) . The rear cooling fins 44 are surrounded by a solid outer ring

440. The inner surface (s) 44i, which_may be a bent over portions of each
of the FiGIs 44-NTUHoNdeREt orERE t 6PObURSr SUFFacé?43BP of t Re T5ACK O8k at or

yoke 43h.,Jdhe @) ra Adorneya.Dkd ARG QL0 »Ath %e AERQ OL0f |pms, tdy ough the

rear cooling fins 44 in a direction generally along an axis parallel wth
the axis 22 [(A@6P ) Aiq 0@02)67] AVt férove 401 témt et Broheht mrou@@ta@n@pitl onal

spi nner__ 80 and ver 33. As orti 401 QW 40 asses
ot oare Rl et i By Rokhafl, 892808 Tgn hanRer T siting
both theyi nparss@@gn@é@w@@n a&dlet h@nﬁé;at HaHutassveldnas tﬁ@rt;t@éf@o@f 4tohe

front yoke 43f and the back ioke 43b, directly by convention. This snall
porti on-leteplexPEE t4hioughopeits 4B {shbA iANEIGSIag0a}si %t e Badkest at or

yoke 43h..Mstsef Lbe.An f1ow 40l passes tReough e, Jyoniseoghing fd ns 42
as indi caat by air flow arro$401%1 Af ter passi ngntﬁ%ough tﬁ lpron
cool i ngpdalns yd2e & 3mal Hipectilon HY1boof ecaitiohl.ow LZ01la passks petweem t he

upper ts 35 and the, stator t hrou h the COO|I bot t he
ey RIS &x 38 SRA-bHEn SR 4 | LESVRT, LS OB 70y | B B e
43f andsﬁat&lbaydﬁka/ok@b43bm@tr%qtIahebyalclonﬂFMI4)@11 0902 4] tArb@@ﬁe tpertion
401c of the air flow 401b is diverted by the cover 33 and the spinner 80 to

pass thrigugh peptiBg (&lso $Rovf | ANFIGSted ad 21y tfd oM ow Bver 40Ré -out er
After passing through the front cooling fins 42, a small

portion 401b of air flow 40la passes between the upper magnets
35 and the stator 40 through the gap 49u, cooling both, the
outer magnets 35 and the stator 40, as well as portions of the
front yoke 43f and the back yoke 43b, directly by convention.

[00027] A large portion 401c of the air flow 401b is
diverted by the cover 33 and the spinner 80 to pass through
port 38 (also shown in FIGS. 1 and 2) to flow over the outer
rotor 30. Depending on the embodiment, a small portion 401g
of the air flow 401 may also flow in front of the front
cooling fins 42 and exit through port 38. The large portion
401c combines with the air flow 401b from the upper gap 49u to
flow 401f through the rear cooling fin 44, along with airflow
40le entering directly from the air stream adjacent to the
spinner 80.

[00028] In one embodiment, the combination of the
cooling fin size and placement, along with the air flow over
and through the components as described herein is such that
the magnets are maintained at a temperature below about 70
degree Celsius and the winding is maintained at a temperature
below about 80-90 degrees Celsius.
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rotor 30. Depending on the enbodiment, a small portion 401g of the air flow
401 may also flowin front of the front cooling fins 42 and exit through
port 38. Wbeolesga3porti on 401lc conbines with the air fIiPowusedi/ofsiosn t he
upper gap 49u to flow 401f through the rear cooling fin 44, along with
airflow 401e entering directly fromthe air stream adjacent to the spinner

80. [00028] In one enbodi ment, the conbination of the cooling fin size and
pl acement, alUMEW th B aPr $HOW over SARBL ¢ hi BUgH THE cErp8nent s tAS

descri bed herein isguch; that the magpets .ane migpaified ah a;fempenature
bel ow about 70 degree Celsius and the wnding is maintained at a
t enper dtagetibel ow ablout S80-90idegr eestiCetbiras. bAetbehney 3Bkt wAERD @16 cAVI

Dkt AERQ/010[ 00029]_ FI 5 shows i Lfied fronpt,viewaf the tor 10.
e Tona T b08ERlaita® BROER 20 TRIGS LTS AR al: o1 e St emaadient

W th threes brasket shd2, rwhineh aosq ikel d Kman annufFasweovehrdaghFl Ghe 2 and
4 ) . The air flow 401a for the front cooling fins 42 flows through the
separ at3OEL PetUWeen PEREERr ek Br 4K BFacCkEhén af ea f BPSRI rd 1w 40F (FI G

4) is about, 8000 0f k1€, 1 9] al saygilabbgsareacnbhe JkeRiLRLAg .20% i$ bl ocked
by the brackets 32. Airflow 401 then flows through the separations, wth
nost ofthderanaifiloyw 401aitl oworgethtougindg herdalomts codl | ngikitheowd201The

air flow 401_js slowed b Pe spi nner .80 (FIGS. 2 and 4_.) and fins 42 so
that |9 71U chBFgyoLs HEsECrehen {PR ac oy AKG (Of f FOE &FF SiFBam
vel ocitaynad poshiS$. thOOAFR] tAkt heuah show iy thienLont ext Teé akkcrrabty,
enbodi nents of the invention are not limted to aircraft.
401 is slowed by the spinner 80 (FIGS. 2 and 4) and fins 42 so
that little flow energy is lost, then re-accelerated to free
air stream velocity at port 38.
[00030] Although show in the context of aircraft,
embodiments of the invention are not limited to aircraft.

Further not all parts are required in all embodiments. The

above described apparatuses, methods, and systems are not

limited to UAVs, or aircraft. Various implementations and/or
embodiments may include other motor uses, i.e. auto,
industrial, etc. Further in some embodiments, the airflow may

be generated, or it may be the result of motion, i.e. flying,
driving, etc., of the apparatus or system.

[00031] It is worthy to note that any reference to "one
embodiment”" or "an embodiment"™ means that a particular
feature, structure, or characteristic described in connection
with the embodiment may be included in an embodiment, if
desired. The appearances of the phrase "in one embodiment" in
various places in the gspecification are not necesgsarily all
referring to the same embodiment.

[00032] The illustrations and examples provided herein
are for explanatory purposes and are not intended to limit the
scope of the appended claims. This disclosure is to be
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Further not all parts are required in all enbodi nents. The above descri bed
appar at uses, nethods, and systens are not limted to UAVs, or aircraft.

Vari ous iwpl2eroen3saEBi ons and/ or enbodi nents nay i ncl ude @Chars20m681181ses,
i.e. auto, industrial, etc. Further in sonme enbodi nents, the airflow my be
generated, or it may be the result of notion, i.e. flying, driving, etc.,
of the apparatus_or system [00031] It is worthy to note that any reference
to "onEBhbgtirRcht "aBr CXRMBABOAFAERP™ nedns tiHat B partPtef ar Of eattlife,

struct ungori Gharagt e£i stic; deserifed,i nigopnegkti ap;wh th hhe serbadijrent
may be included in an en})odl ment, If desired. The appearances of the phrase
"in onetlebigdierenion iand/ari oulsa places tihe tdrdospiect it calt ot mteedot
necessarily ferri.ng to the. enbodi ment. [00032] The.illustrations
and exanpl es[adp(ioo:{/ﬁded i]kéc?se? n a?gl?gggexpllgnaggcrhf purposes gﬁglar emr?s)kte

Lnt ende@bdﬁﬂ&mioﬁs;t@caa@ Q&xﬁelﬂﬁi%%’pmd%@i:ﬁi@iﬁlaghb§gﬂﬂﬁétﬁ)éhée ofs to

e Attorney Dkt AE 010 AVI t AE 010 of 16consi dered an

exenpl i Ficatt G ofot he principles of the invention and is not intended to

limt the spidddzand slﬁpepe ) jayent i on,ang/ o cl aigs of, _the.enmadi ment
il lustrat ed.t?ooo@s] Those si?#?%%iﬁ t%e art will make rmdlijfai cations to
t he | nventeroted oro paetveukaraappbicaticonsiptithe Cheemtrder [s00034] bEhe

di scussion included in this fat nt is intended to serve a% a basic .
descri gt THE® r eddefPShohtd gés WareCEhae Yt R8s FEEIT e tdiYs TSSO Smay
not explirciéhyodesertbepakkigmbodingend s Hassiblas ande alifgrnat tvesiake

inplicit. Also,

this discussion may not fully explain the generic nature of
the invention and may not explicitly show how each feature or
element can actually be representative or egquivalent elements.
Again, these are implicitly included in this disclosure. Where
the invention 1s described in device-oriented terminology,
each element of the device implicitly performs a function. It
should also be understood that a wvariety of changes may be
made without departing from the essence of the invention. Such
changes are also implicitly included in the description. These
changes still fall within the scope of this invention.

[00035] Further, each of the wvarious elements of the
invention and claims may also be achieved in a variety of
manners. This disclosure should be understood to encompass
each such wvariation, be it a wvariation of any apparatus
embodiment, a method embodiment, or even merely a variation of
any element of these. Particularly, it should be understood
that as the disclosure relates to elements of the invention,
the words for each element may be expressed by equivalent
apparatus terms even if only the function or result is the
same. Such eqguivalent, broader, or even more Jgeneric terms
should be considered to be encompassed in the description of
each element or action. Such terms can be substituted where
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this discussion may not fully explain the generic nature of the invention
and may not explicitly show how each feature or el enent can actually be
repr esentwioi2o®/m3674@qui val ent el ements. Again, these arePCraiS2@9ioFs118 ncl uded
in this disclosure. Wiere the invention is described in device-oriented
term nol ogy, each elenent of the device inplicitly perforns a function. It
shoul d al so be understood that a variety of changes nay be nmade w t hout

depar t i97%° 7% (e B&§Bnce o' Ehie |tﬁ\?entlF16’|JrlCSGéh’ c]%fﬁ@%s HEHRTD Lo

i pli cigd i “&ﬂi’éjepnézé‘nw‘éf@n descLiptiong. Thesenchanges shidkhshabh Wihthin the
scope of this invention. [00035] Furt her, each of the various el enents of

t he i nveht i ont amds chay nise naypadasse@eaacm Beedsi fioa vakiepy t@fatmr@rterosl Thi s
dlsclosure should e_un o0d to enco Ss eac h such var{ on be.it a
vari ation 6f afy Spﬁgﬁgtu lrr% di“ment s gﬂ%? h&d é%Odl%IWf Yev&f Nerel y
a vari g @f1 a@ye@éxemis@jow@sghoﬁa@tbQUhaabystbbdsIﬂ@%ﬂcbﬁﬁp@@@e@st ood
that as the disclosure relates to elenents of the invention, the words for
each el BHEROTHEL be Oéxprigsded 26{16§ui valeft appartat ushYerdsl everdsmendnl v
the funcliom of.desuld,drs ERensage. o uCh quivAlionl, Rupades o or pvep more
generic ternms shoul d be con5|8 red to be enconpassed in the descrlptlon of
each elwmintstorodcte dre Suchidieris MMCwasthmtcmjscvmmo&u or ney Dkt
AERQO 010 AvVI L%&F 10desi red tob ke ex% i.cit the i rrjg%l citly road
coverage to i §19 WEht F5RCTSPERt i T ed. Y SShdard t?ﬁﬂlélre& d6d t hat

al | actiofts aayubBeeXpressebBEnchtBansod ofidakidlg hat aeli err@kLiag yan
el ement which causes that action. Simlarly, each physical elenent

di scl osEd%Houl d tse Lindep stidetbe o sériddmrpassna disckesure ofne hexagpilen
whi ch tgﬁgod¥¥ﬁ§h§§|hEEEQEntare not intended to be limiting, wvarious

configurations and combinations of features are possible. As
such, the invention is not limited to the disclosed

embodiments, except as required by the appended claims.
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facilitates.

explicitly included in the description. [00036] Having described this
i nvent i orwOrzomade®Edti on with a nunber of enbodi ments, npdirfiSeevioss1isv | |
certainly suggest itself to those skilled in the art. The exanple
enbodi nents herein are not intended to be limting, various configurations

and conbi nations of features are

o.ssi ble. As such, the invention is not

limited to the di'¥AHsER s, except as required by the appended
clainms. Attorney Dkt AERO 010 AVI Dkt AERO' 0O10WHAT IS CLAIMED IS: 1

notor conprising: a ) arotor; and b ) a stator conprising: i ) front
cool i ng fi nsl ¢ hékmad yocouphedi $i0vg: front of the stator; 11) rear cooling

fins thermally coupled to a rear portion of the stator; and Il11) a w nding
between the front®arfl ¥¢at" cddling fins. 2 . The notor of aim1l , wherein
the stator conpries adfdont sdmdorsyrake, and wherein the front cooling
fins are nmounted to the front stator yoke. 3 . The notor of Caim2 ,

wherein the front statbr

An

surrounﬂsor%rcgp_ﬁéjegt othe front end of the winding. 4 . The notor of

Caim3,
front stator yoke.

fins

rear portion of the stator; and
iii) a winding between the front and rear

cooling fins.

2. The motor of Claim 1, wherein the stator comprises a
front stator yoke, and wherein the front cooling fins are

mounted to the front stator yoke.

3. The motor of Claim 2, wherein the front stator yoke
is mounted to a front end of the winding and surrounds three

sides of the front end of the winding.

4. The motor of Claim 3, wherein the front cooling fins

are mounted to a front side of the front stator vyoke.

5. The motor of Claim 4, wherein the front cooling fins
have a solid front annular face, the front cooling fins being
oriented radially and extending laterally between the front

annular face and the front stator yoke.

6. The motor of Claim 2, wherein the stator comprises a
rear stator yoke, and wherein the rear cooling fins are

mounted to the rear stator yoke.
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have a solid front annular face, the front cooling fins being oriented
radially and extending |l aterally between the front annular face and the
front staworowaser436 . The notor of Claim2 , wherein tRETAS2000/0581081Pr i Ses
a rear stator yoke, and wherein the rear cooling fins are nounted to the
rear stator yoke. Attorney Dkt AERQO 010 AVI Dkt AERQ' 0107 . The notor of

Caiml , V\/nerel n the stator conprises rear stator yoke, and wherein the
rear cooling findareriurtledtdi® he r@éﬁ'r%ltréttﬂ”re yOkE: 018 COMNEL 5t G of

A ai m 7.0 Whersi e thed ear, stalore %oke d scdmuni g 1,0 a 1,gary,end of the
wi ndi ng and surrounds three sides of the rear end of the wi nding. 9 . The

not or ofowditEddn® tivheresin ttetorearolonol ing fins are nmounted to an outer
surface of the rear stator yoke. 10. The nmotor of Claim9 , wherein the
rear cooling fins have a solid outer annular face, the rear cooling fins
oriented radial I@h@nmbtexi end ¢ladinal’ly Wetnwween thwe rear stator wolke and the
out er annul ar face of d wherei n the front oling

et Aty (A ey i T ol AR ta PO S e 0D

a sane Qutele r@ﬁysere@ dhecwd ngin@hngl2. The notor of Claim 11, wherein the
rotor conprises and outer rotor, and wherein the rear cooling fins have an
outer radius and an inner radius, the inner radius being about at a sane

radius as am outeie mashidis of dheiOW eroHotorm s Jdher miorif Gaiml
wherein the rotor conprises and outer rotor, and wherein the rear cooling

fins havie arowWiited FadiusO R ol ke chadits, rede 3 rerr radivs bei ng about

10. The motor of Claim 9, wherein the rear cooling fins
have a solid outer annular face, the rear cooling fins
oriented radially and extend radially between the rear stator

yvoke and the outer annular face.

11. The motor of Claim 1, wherein the front cooling fins
have an outer radius and an inner radius, the outer radius

being about a same outer radius as the winding.

12. The motor of Claim 11, wherein the rotor comprises
and outer rotor, and wherein the rear cooling fins have an
outer radius and an inner radius, the inner radius being about

at a same radius as an outer radius of the outer rotor.

13. The motor of Claim 1, wherein the rotor comprises
and outer rotor, and wherein the rear cooling fins have an
outer radius and an inner radius, the inner radius being about

at a same radius as an outer radius of the outer rotor.

14. The motor of Claim 1, wherein the motor is an
aircraft motor comprising a spinner, and wherein the front

cooling fins are housed within the spinner.
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at a same radius as an outer radius of the outer rotor. 14. The notor of
Claiml , wherein the notor is an aircraft notor conprising a spinner, and
wher ei n twe 2broan3s74600l i ng fins are housed within the spiPomas200dwssnsey Dkt
AERQ 010 AVI Dkt AERQO 01015. The notor of Caim 14, wherein the rear
cooling fins have an outer radius that is larger than an outer radius of
the spinner. 16. The nmotor of CQaiml1 , wherein the notor is an aircraft

not or conprilsi ng HSPIHr | Cardd derEt n T S Fart ooy 9N HAVEL T out er

radius that 45 darger-dpan amputer radius ofy 4 he, spinner.,dif,s The notor of
Caiml , wherein the notor is an aircraft notor conprising a spinner, and

wher ei ntltchesdiromtr cool i ng fins have an outer radius that is less than a
radius of a rear opening of the spinner. 18. A notor conprising: a ) an
i nner and outer rotor connected together; and b ) a stator between the
i nner and out®er rBtomytdhe St@tarm clonprisigng: thg motwwmndisgarconpri sing
conductors en ased%i n a thermally conductive ii) athermally

terial:
o LR Tl Sttty ST L e B S e, Y4 aE Font

cool i ng-dd Mmoot echdws the dunt yokeis ivatd tdheramddy wonduat isved.ear
yoke nounted to a rear end of the winding; and v ) rear cooling fins
mount ed’@a® thed ¥ edie yokiginer .

17. The motor of Claim 1, wherein the motor is an
aircraft motor comprising a spinner, and wherein the front
cooling fins have an outer radius that is less than a radius

of a rear opening of the spinner.

18. A motor comprising:
a) an inner and outer rotor connected together; and
b) a stator between the inner and outer rotors, the
stator comprising:
i) a winding comprising conductors encased in a
thermally conductive material;
ii) a thermally conductive front yoke mounted
to a front end of the winding;
iii) front cooling fins mounted to the front
yoke;
iv) a thermally conductive rear yoke mounted to
a rear end of the winding; and

v) rear cooling fins mounted to the rear yoke.

19. The motor of Claim 18, wherein the front cooling

fins are mounted to a front end of the front yoke.

20. The motor of Claim 19, wherein the rear cooling fins

are mounted to an outer surface of the rear yoke.
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19. The notor of Claim 18, wherein the front cooling fins are nounted to a
front end of the front yoke. 20. The notor of C aim 19, wherein the rear
cool i ng fwozoawssunted to an outer surface of the reaPCyalse009hsgios ney Dkt

AERQ 010 AvVI

Dkt AERQ' 01021. The notor of C aim 20, wherein the front yoke

surrounds three sides of the front end of the w nding, and wherein the rear
yoke surrounds three sides of the rear end of the w nding. 22. The notor of

O ai m 18, whetei "tihd e Todfidigh 14 s Hre Sigunts fclff%% ¥iter surface of

the real, y0kehaL3nAL alfgtafds nOLOore COMPrd,si N @9 @hdNner and outer
rotor connected together; and b ) a stator between the inner and outer

r ot or s,widvee st atlor mﬁmry@mgsunrc)uraisw'tﬁdﬁe&g ciotpt i i nghae omhuctord ®hcased

in a t&rmal
m)unteei}

ly.conductive material; ii) a thermally conductive front yoke
orﬁ end of the windi ng, the front cooling fins have a solid

front annular face, the front cooli ng f| ns being oriented radially and

ext endi ng |

ral betmeen Iar face and the front stator
yoker i) fromt - CR PR M Noed Ho TUHE T by oRea? 1990 L thel T |y
conductd M& m@aftOke: M e ¢ osuar@aa% cemdcmuf tder Wawki ng; and v ) rear
cooling fins nounted to the rear yoke the rear cooling fins have a solid

outer annular face, the rear cooling fins oriented radially and extend

radially

23. An aircraft motor comprising:
a) an inner and outer rotor connected together; and

b) a stator between the inner and outer rotors, the

stator comprising:

i) a winding comprising conductors encased in a

thermally conductive material;

to a

ii) a thermally conductive front yoke mounted

front end of the winding, the front cooling fins have a

solid front annular face, the front cooling fins being

oriented radially and extending laterally between the front

annul

yoke;

a bac

the r

rear

betwe

ar face and the front stator vyoke;

iii) front cooling fins mounted to the front

iv) a thermally conductive rear yoke mounted to
k end of the winding; and

v) rear cooling fins mounted to the rear yoke
ear cooling fins have a solid outer annular face, the
cooling fins oriented radially and extend radially

en the rear stator yoke and the outer annular face

24. The motor of Claim 23, wherein the front cooling

fins have an outer radius and an inner radius, the outer

radiu

s being about a same outer radius as the winding.
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between the rear stator yoke and the outer annul ar face 24. The notor of
Claim 23, wherein the front cooling fins have an outer radius and an inner
radi us, twe ouwmss746adi us bei ng about a same outer radi uPCIASRIL/0P$1Mgli Ng.
Attorney Dkt AERQO 010 AVI Dkt AERQO 01025. The notor of C aim 24, wherein
the rear cooling fins have an outer radius and an inner radius, the inner
radi us bein about at a same_radius as an outer radius of the outer rotor

26. The not of° of ‘AAIMAZE Wher& i t4e rEHr ool Ty F9Hs IRRE N Liter

radi us \and an, iines- radiyuss 4.he Arﬂ”ﬁﬁné@dﬂé{ﬁ@&' Nthaboule At fysadre radi us
as an outer radius of the outer rotor . 27. The notor of Caim 23, further

conpri stevgna spiumert, anhmhereliing v faromutcool fai s nst drtee housed wi t hin
t he splrnO er. . 28. The notor of Caim 27, wherein the rear cooling fins have
an outer°radius that is larger than an outer radius of the spinner. 29. The
notor of Claim23, further conprising a spinner, and wherein the rear

cooling fi ns, aveTran out er us. t% Ba}lar er tharneaarn Coou(;tlelrnr |us of
t he spi nner. A‘ttokheeﬁn%ﬁ ,&EﬁRg g

have an outer radius and an inner radius, the inner radius

being about at a same radius as an outer radius of the outer

rotor.

27. The motor of Claim 23, further comprising a spinner,
and wherein the front cooling fins are housed within the

spinner.

28. The motor of Claim 27, wherein the rear cooling fins
have an outer radius that is larger than an outer radius of

the spinner.

29. The motor of Claim 23, further comprising a spinner,
and wherein the rear cooling fins have an outer radius that is

larger than an outer radius of the spinner.
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