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9/ 23/ 2009, entitled FLUX CONCENTRATOR FOR | RONLESS MOTORS, by Hi bbs

. BACKGROUND [ 0001] Electric notors for vehicles need to have high

ef fi ci encyoto103emer ve power. Furthernore, in unmanned aemiusbooyebsicd es,

i ght wei ght and conpact electric notors are al so desirable. Thus, ironless
notors are often used which can provide the benefit of no iron | osses due
to changing flux direction . [0002] Mdtors are nornally rated for the peak
power and efficiency of the notor gabReREE®D appl i cations, high part | oad
efficiency is desired, which is high efficiency when machine is | oaded at a
partial |oad, [PORL] 15%Mrecsere BPREFSpéPEeHENiCITVDOBICINR a7 ndelddd is a
hi gher efddrGi-@BRYy CONPAG s PRI 0we PUMVARY L OG04 | N ON@mRASSE A& ia1
enbodi ment, an aircraft electric notor cooling systemis provided having an
ai rfl ow pathClRPoudhJatspicAREE ViICC I AMRGICGHd 65 S L E S OO B GWepat it het ween
an inner JyotoL,and a stat ory &, second,alrd | ow pakhhetwean an guter, rotor
the stator and a third airflow path al ong an outer surface of the outer
rotor. [@OOS[dEn thgr ikanse fdivbothi nedt sropheéofpest daer ficovws ptdi nextfends al ong
i nner rotgr..nagpgts and/or the second airflow path extends al ong outer
rotor magnets. In various enbodinents, the first airflow path extends al ong
a front statod098&E andilcong ara earrwaldivor rylokk and/ dhet headecontkr

and efficiency of the motor. In some applications, high part
load efficiency is desired, which is high efficiency when

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

percent.
[0003] What is needed is a higher efficiency compact
motor.
SUMMARY
[0004] In one possible embodiment, an aircraft

electric motor cooling system is provided having an airflow
path through a spinner which includes a first airflow path
between an inner rotor and a stator, a second airflow path
between an outer rotor the stator and a third airflow path
along an outer surface of the outer rotor.

[0005] In various embodiments, the first airflow path
extends along inner rotor magnets and/or the second airflow
path extends along outer rotor magnets. In various
embodiments, the first airflow path extends along a front
stator yoke and along a rear stator yoke and/or the second
airflow path extends along a front stator yoke and a rear
stator yoke.

[0006] In various embodiments, the second and third airflow
paths extend through a rear stator heat sink along with an air
stream path. In various embodiments, the airflow path
extending through the spinner comprises a portion extending

through front stator cooling fins, and wherein the second and
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airflow path extends along a front stator yoke and a rear stator yoke.

[ 0006] In various enbodi nents, the second and third airfl ow paths extend

t hrough awoearo/stasor heat sink along with an air streamrcpatshooslossie@r i ous
enbodi ments, the airflow path extending through the spinner conprises a
portion extending through front stator cooling fins, and wherein the second
andthird portion are derived at least in part fromthe front stator cooling

fins portigng [ROQZLnOther gabogidrents 1angcalisp provi dedn BREEFLDESCRI PTI ON
OF THE DRAW NGS [ 0008] The features and advantages of the present invention
will be Béeter Greetst codswPPhtiegard to the fol l owi ng description,

appended cl ai fgood accemRary LRgoGIAM NI wheigs HROPYFI G 1 shows a
sinplified expl oded perspective view of an exanple notor. [00010] FIG 2

shows a sinplified cross sectional side view of the nmotor of FIG 1 along

its longitudinal axis. [O8dEE DElErRIBTSHOVSF ardE BRhTNES perspective view
of the stator having a winding. [00012] FIG 4 shows a sinplified view

al ong a cross [88@8]Jon of théhgaofertefeF|ad 2dvangeges] oFl Bre sPEhovs a
simpl'i fi ed. Lront, vi ew of the ymtor . DESCRIPTION [00014L,ELG 1, shows a

sinplified expl oded perspective view of an exanple notor 10 along axis 22.
A st at or 40 licgisgcufedct oPtai dousianpeddied] nyérimgt or 280 aadcoupary st or 30

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 simplified front view of the

motor.
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are secured to each other and surround the stator 40. An optional propeller
hub 75, into which propeller blades 70 are nounted, is secured to the inner
rotor 50 woBhe/@Esmpel | er hub 75 rotatably nounts on thepshmafSeoiddhssnd h
bearings 16 and 18. The bearings 16 and 18 are retained by retainers 20 and
14 and cover 12 . [00015] FIG 2 shows a sinplified cross-sectional side
view of the nmotor 10 of FIG 1 along its longitudinal axis 22. The stator
40 is |l ocated between magnets 35 pygbxPT@bnt he i nner and outer rotors 50
and 30, respectively. The shaft 65 may be fabricated of carbon fiber or

ot her suitabl éoﬁﬁ%di alEI§-00018]1°"" G  3i¥HoWs ©8d $RpPreT eBepeprepectd ve vi ew
of the statgr A0 havingud Mmndidig Ap. 2 1he; Wandi ngp 45 ihs gRgased owithi n the
stator 40. Cooling fins 42 and 44 are bonded to the front and back stator
yoke por tSesiged3foarid Bty infedPect i VeI, MGr Dhhws dHerairoTrow kool i ng
path, indicated y.d he arrow 301t hnauah, L heneodldngs s, 42 and 44.
[00017] FIG 4 shows a sinplified cross section of the notor 10 of FIG 2 .
The wi ndiaR§i852hagrarebhpr dsded vertrtal "Weéghorrasel lTheb i nty 4579 s

conpr ess el kR cble; ceBLEal d 60l A5G, 30 thab-mane copdustopeTmleniay of the
wi ndi ng 45 can be pl aced between the magnets 35 and 55 and so that nore
conduct or/ carrtisgabdgamedned oser the tshefhaghevsti3obamdi B85 of6 tdns rlgt.ors 30

and 50 t r Qi c ti i r h i e W ndj 5 1In
this enbﬁféﬂ.%n%%?f?%gié@wnot S L gD B S 45
al so be cover 12.

[00015] 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 Dbetween 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 45c. The winding 45 1is 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 1is not
necessary that the ends 45e of the winding 45 also be
compressed. This is because the ends 45e of the winding 45 do
not pass between the magnets 35 and 55 of the rotors 30 and
50.
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conpressed. This is because the ends 45e of the wi nding 45 do not pass

bet ween the magnets 35 and 55 of the rotors 30 and 50.[00018] In accordance
wi th variwoosnmBedsnents, for both axial and radial irorcCEAS2009058100

per manent magnet machi nes, the w nding 45 shoul d have a hi gh packing
density to mnimze |2R | osses and a construction that m nimzes eddy

| osses. The nagnets 35 and 55 in the rotor 40 pass over/under a central

active region4be1of the staterawhddi ng 45, vapdonot HweLiHBdes, t he,edges
45e of the stator w nding 45. Thus, in various enbodi nents, the active

regi on 450tEf ERéa Wi miihg T2518hout BPHERE a8 -HuchCtomfiEeseNt| B2 Ipper, as

possi bl e fant hesyol g, ofqithe sackhye1 §eghan £56.qH QRk9hgAISs1 1 ari ous
enbodi ments, the winding 45 should have high rigidity so that the w nding

45 does ﬁé@l@éﬁﬁedtRadW%ﬁﬁﬂeﬁﬂdtﬁe<ﬁﬁ§ﬁéﬂ§t36no¢h55 Hid G caderfifht el y

wi thst and Jdhe st urppt Omé?ﬂ&sv%t %%S 58nd, asgoci atgd 4foog‘é§§ otbe/ Wadi ng 45
is enclosed in a suitab material, such as epoxy . 20] Al t hough shown

| ar ge for2 id9ngetabEdhvPuUF POSTS, 4%héﬁhﬁﬁmgéﬁ§t@9uwaﬁ@lm@|4%@t%%%ﬁ“ﬂhe
stator 4%%@91;5581:”@9@%%@? and 56 ane spRld. 5&1&&1% the magpets ;3p and 55

provi de the maxi num magnetic field in the w nding 45.° The close proximty
of the stvatréprua0 ewPerAingret aghet sa3slwndr S othdweverf demn fiardina st

unwant ed heat 4t gQ{A}g{% M&{“é&%,u%tt@ or 49 tcoo&%m ”%%” bSs 35 and, 53,ACr 0SS

t he gaps 49u an excessi ve can ge th magnets 35 and 55,
t he st at orcl4Qei sf prloviaed Wi ﬁhgi©@n%5®ﬂd back cooling fins 42 and 44.

[00019] Also, in wvarious 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 1is enclosed in a suitable material, such as
epoxy.

[00020] Although shown large for illustration purposes,
the air gaps 49u and 49i 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 49u and 49i. As excessive
heat c¢an damage the magnets 35 and 55, the stator 40 is
provided with front and back cooling fins 42 and 44.

[00021] Thus, the winding 45 should have a low thermal
impedance path to the cooling 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.

[00022] The front stator yoke 43f surrounds the front
end 40er of the stator 40 on three sides to provide more

surface area for heat transfer out of the stator 40 into the
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[ 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 woxemhosst4ds a thermal |y conductive filler such astalsaemonssmeoxi de,
boron nitride, or other material that facilitates heat conduction. [00022]
The front stator yoke 43f surrounds the front end 40ef of the stator 40 on
three sides to provide nore surface area for heat transfer out of the

stator 4G dntosthebroptkstador yvoke143f,, Simd hardwy yokbesbackyyake A3b
surrounds three sides of the back end 4%eb of the stator. [00023] The

cool i ng fif§e421iapd 44 ey Pseknabe dicaPdnthtntottBt-her suitable

|'i ghtvei ght hggbogonduciive n8f £fd alrindhes £oghbng 4 i Ray4d,and.44 may be
forned separately and bonded with a | ow thermal inpedance bond to the

stator yoke§lagf ard 43Bhesr iwiégrar| y ifighRediwWith Bhen FoRdmEriig s

possi bl e i sone emhodigeni s, thals the fonl end *ﬂa%effo%e&h@eéé@é*&il A0 and
t he back end 40eb be directly connected to the cooling fins 44,

r espect i &%y bqrolEER 471 thhea f dorit téesnphg ifPASaRYe ekPeAd t@vvet)hq nS@thU?r war d
di recti on,f.amthe,f § opdy, suf %%%e%%'ll?f ed e d nARt s$hahor yoke,43fi. The

front cooling fins 42 are radially oriented wth respect to the axis 22
(FIG 2 ) is Tleesbhék surfeee ARpdéfienhe toot i Pee firent42ngr éOporrded-tco t he

front surfiace, 4341 .af; the front Stater ygkedslo, Thectrant surfpce, 42 of

front coollng fins i's solid such that the air owWs ra 'y outward
t hr ough Kh@lﬁﬂonfl@@o$ingmfﬁﬁs 4eswetthivredgpect to the axis 22 (FIG 2)

| another ertgghgpnt naf. shoun, thesaki &fonk; sWikase 4fy Sinot,

present. In sti
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 Dback
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 yoke 43b. The air
flows through the rear cooling fins 44 in a direction
generally along an axis parallel with the axis 22 (FIG. 2).

[00026] Air flow 401 enters the through the optional
spinner 80 and cover 33. A small portion 401d of the air flow

401 passes between the inner magnets 55 and the stator 40
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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 avoane/@sBspossi bl e. [00025] The rear cooling fipas/usdomossiound 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 nay be a bent over portions of each

of the fimgcddn igapbonded s tihe tpouties sHhiACRa43bEs 0Fst hegbagalke stator
yoke 43b. The air flows through the rear cooling fins 44 in a direction
gener al | Y1&lt6fg 48n &Ri ¥epar aFl BPTH RS t Ak BXF s FYge 243F andgors] Air

fl ow 401 iepters gthes tihr oyghe & opyi eralcapinner 8¢ andscovierp3s.idh snal |
portion 401d of the air flow 401 passes between the inner nagnets 55 and

t he stat d0l40tHi6agRhgapIBoPOredotf § ngSboth theFIFher2gnist stB5 Rifk t he

stator 4Q,: .28 Webkcagsportions of {ihe finont; yoke143Land the.hack woke 43D,
directly by convention. This small portion 401d exits through ports 48

(shown i FrPRES.coplapgi fite backs statbra yokebu3pirMisorofatte af ¢l ow 401
passes thrfugh é&i“@ﬁ”%h?@@ i ngpbi ns. 44 asohpdigated by, air ,f I gywiarrow
40la. After passing through the front cooling fins 42, a small portion 401b
of air flrowt40tadpasses et idew tRéauppeserdifietesn3shandrrhe Baadrs 40

through the é}f”}p.’é?eu’s‘?%ri ”Ag) b@r‘i]_fbug{(hhet}%m&( ”?%P,etéoc&ﬁ@doé% Séc]?et or 40,
as well as portions of the front yoke 43t and i he bac yoke 43b, directly
by converttiten. mp0QeRY] 3A drar géepoittion 401canfwalie agi pottown40db s
e o0 Bhak"S5F0U55: et e 0E1, B0 Lo, ss, Ly it 20 (ol e
[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.
[00029] FIG. 5 shows a simplified front view of the
motor 10. The inner and outer rotors 50 and 30 are held
together in this embodiment with three brackets 32, which also
hold on an annular cover 33 (FIGS. 2 and 4). The air flow
40la for the front <cooling fins 42 flows through the
separations between the three Dbrackets 32. Open area for

airflow 401 (FIG. 4) is about 80% of the total available area,
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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. wbeoloamsgrsporti on 401c conbines with the air flpowusedio/ossiom 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 nent, the conbination of the cooling fin size and

pl acementyhealRpgiwi by bhe ad rpfdowovsr @rd ot ieeugh the campenshtsias
described herein is such that the nagnets are maintained at a tenperature
bel ow abdie70 1a8gr £8r 0P| tee afRPAMS JRNAdi NTR sMeaf nehi Hed &tr af Low

t enper at urg Jbeh ow: ahouth - S8590 1egees CebsiHg. ri09029] Fha Hishows, a
sinplified front view of the notor 10. The inner and outer rotors 50 and 30

are hel d 49%8géehérovad thy sthentsedinaent 8 (FLGhr ee andadkersd3pinsi<cial so

hol d on an annul-an .coyer, %%e&ﬁ{;@s 2.apd 4n)n. IhecaliefdQw 4Qlacfor the
front cooling fins 42 flows through the separations between the three

br acket s 232, sQseamareLFidry &itr PPow 291 (FIG 4 ) is about 80% of the total

avai | abl e ar egobbgo] el g R0%hs, bl prked,dy decbeacket s,82. pivf| ow 401
then flows through the separations, with nost of the air flow 401la fl ow ng

t hrough tdvéofiipanteodfi ngh¢ i neva2tidhe agier fdowl40ited Fcownedr bwafthe

spi nner 80, (ELGS.2 and 4,).and; fi ns. 42 .80 that 41 tahe flowener gy d s | ost,
t hen re- acéfeﬁer atng?i to f?peer ai r'streamvel oci tya at port 38, 000%

Al t hough aleow | e tdrellsoht expavitgaser afethewbodiamant syofertsheakavertt on are

not linihﬁﬂd%gdakgcbﬁbg; or ailrcraft. 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 specification are not necessarily 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 1is to be
considered an exemplification of the principles of the
invention and is not intended to limit the spirit and scope of
the invention and/or claims of the embodiment illustrated.

[00033] Those skilled in the art will make
modifications to the invention for particular applications of
the invention.

[00034] The discussion included 1in this patent is
intended to serve as a basic description. The reader should be

aware that the specific discussion may not explicitly describe
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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 HNph&HﬂBFHBIOﬂS and/ or enbodi nents nay i ncl ude owﬂEZMDMQMZMSGS
i.e. auto, industrial, etc. Further in sonme enbodinents, the alrfIOM/nay be
generated, or it may be the result of notion, i.e. fIylng, driving, etc.

of the apparatus or system [00031] It is worthy to note that any reference

to "one ehodiiRAtmeRfs " BHs &R RNt 1 BARs itbat sacpakbi cilar feaure,
structure, or characteristic described in connection with the enbodlnent

may be i il igded ScRsancenBedi mett  fUll vdeSiRl@dn THE dfffedriandeser tHe phrase

"in one ecrmoqin@enhohnamrwysn&d acgs il th e sspechbl cabéonc&d@, Motor
necessarily all referring to the sane enbodi nent. [00032] The illustrations
and exanﬁﬂé@eﬁﬁogﬁﬂeac?wﬁkﬁw1Q%w?epeﬁséﬁb@%Hé%OWWéﬁﬂﬁﬁéééétaﬁbe@ﬁQiﬁnn

i ntended AQ ik, mtheEQea§&0ﬂ§p1lec1tth? appended ol aigm®. gihisodhsel opr,g is to
be considered an exenplification of the principles of the invention and is

not interfdeéd toveéRHian t he sPIdiPgAd Stopevaeretrpel ¢mvasht Fermamell ey cl ai ms
of the enhodi nBAkht! H%tr‘ceéegevw@%@alﬁeﬁ@ skiklbeds i n m?c@lrénhvv'ﬂe meke

nodi fications to the invention for particul ar applications of
i nvent i orphou@go34jsoThee disderssiont i Hedtudedviniehy sopatcéandes maverfed t o

serve as @diashendescalotlion, e eader, shoul d.be,avareohialy the gpect fi c

di scussi on may not explicit escrl enbodi ments pos
a|ternatKv@@ggsearﬁpal@@tlmgmqg;tly 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 wvariety 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 equivalent, Dbroader, or even more generic terms
should be considered to be encompassed in the description of
each element or action. Such terms can be substituted where
desired to make explicit the implicitly broad coverage to
which this invention is entitled. It should be understood that
all actions may be expressed as a means for taking that action
or as an element which causes that action. Similarly, each
physical element disclosed should be understood to encompass a
disclosure of the action which that physical element
facilitates. Such changes and alternative terms are to be
understood to be explicitly included in the description.

[00036] Having described this invention in connection
with a number of embodiments, modification will now certainly

suggest itself to those skilled in the art. The example
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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 esentwoi2om/s674equi val ent el enents. Again, these arepcmpiscawiossi2e 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
departi ngrfjoernthes essence aket hed Nuaniisen. Buch Ch@rﬂﬂ@_ﬁug{%r ey Ss
inmplicitly included in the description. These changes still fall within the
scope of AWt IPRIRACT Dreng 0OTIE AP ReP E88RVHTS t S VRS DU Sel edeént s of
the inventjen ang.cl aifBaynal se be@chiemeddn ayarigly @ismmnners. This
di scl osure shoul d be understood to enconpass each such variation, be it a
vari at i orfTPPIaRgT BppaHaRs éfbsafnetd Y retherrentdli WeritS-or even nerely
a variation of any elenent of these. Particularly, it should be understood
that as the disclosure relates to elenents of the invention, the words for
each el enent may be expressed by equival ent apparatus terns even if only
the function or result is the sane. Such equival ent, broader, or even nore
generic terns should be considered to be enconpassed in the description of
each el enent or action. Such terns can be substituted where desired to nake
explicit the inplicitly broad coverage to which this invention is entitled.
It should be understood that all actions nmay be expressed as a nmeans for
taking that action or as an el enent which causes that action. Simlarly,
each physical elenent disclosed should be understood to enconpass a
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di scl osure of the action which that physical elenent facilitates. Such
changes and alternative terns are to be understood to be explicitly

i ncl uded wo 20tve3emscri pti on. [00036] Havi ng descri bed t IrC3/tSROOE$10MN | N
connection with a nunber of enbodinents, nodification will now certainly
suggest itself to those skilled in the art. The exanpl eenbodi nents herein
are not intended to be limting, various configurations and conbi nati ons of
features are possipher ¥ gAehept H€- i nvention is not limted to the

di scl osed enbodi nents, except as required by the appended clains. WHAT | S
CLAIMED IS: 1 . An aircraft electric notor cooling systemconprising: a )

an airflow path through a spinner conprising: i ) a first airflow path
bet ween an inner rotor an a_ tator ii) a seﬁond airflow path between an
outer rotor the stRtdr=CAME £ ?ftﬁl(f HIY P aiPPI-ote paf h- At 617gPan S ole er

surface of the outgy 40t0mrri2w. pdhe syshem af sghah@i logmpMieregn the first
airflow path extends al ong i nner rotor magnets |, The systemof Claim?2
, wherein the second allrfIaov?/lfiaﬂchaje&lijé??ij?a&fhoﬁ@t%%?%rar’r dt“éjternﬁ%%]fs . 4.
The systemsot Statsr2 , wherein the first airflow path extends along a
front stator yoke and aI ong a rear stator yoke . . The systemof Caiml
, wherein the second ai‘rfl GwSpaPR ekt enidy’ é?IaSFigb%E‘f%?n 16t G tREgnets . 6 .

The syst emtel- €hai ®tScor Wheei n the second airfl ow
iii) a third airflow path along an outer

surface of the outer rotor.

2. The system of Claim 1, wherein the first airflow path

extends along inner rotor magnets.

3. The system of Claim 2, wherein the second airflow

path extends along outer rotor magnets.

4. The system of Claim 2, wherein the first airflow path
extends along a front stator yoke and along a rear stator

yoke.

5. The system of Claim 1, wherein the second airflow

path extends along outer rotor magnets.

6. The system of Claim 5, wherein the second airflow

path extends along a front stator yoke and a rear stator yoke.

7. The system of Claim 1, wherein the first, second, and

third airflow paths return to an air stream path.

8. The system of Claim 7, wherein the second and third
airflow paths extend through a rear stator heat sink along

with an air stream path.
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path extends along a front stator yoke and a rear stator yoke. 7 . The
systemof Claiml , wherein the first, second, and third airfl ow paths
return toverosvasesisr eam path. 8 . The system of C ai m 7 pCTWises0gioss12he
second and third airflow paths extend through a rear stator heat sink al ong
with an air streampath.9 . The systemof Claim1l1l , wherein the second and
third airflow paths extend through a rear stator heat sink along with an

air stream pabh. Q. dhe systemnoind aideinheL eid-dilte Aigr thowgpath

ext endi ng through the spinner conprises a portion extending through front
stator codTAGYT PASDS ditFaielrer AV e sedndtanart htd'd oYt ifdRTdre deri ved
at | east jirrpant o Fomm e, fent stator cooling fins portion. 11. The system
of Claiml1l , wherein the airflow path through the spinner conprises a
portion extending through front stator cooling fins, and wherein the second

and third portbon axe derdevedratibeassd, ivhepanh themihe S @atnst at or
cooling fins portion. 12. The systemof Claim1l further conprising an air

st ream p&tHreBLEBAFHP 1Y &digh 58¥P%%? QUG Redt P CT £XECAA BPect ri ¢

ai rcraft ymbaghcoppit Sdthdorachodindg NNels I Glhar weenaectad Wddananaat er
rotor; b ) a stator conprising a wnding | ocated between the inner rotor
and the ditiéf PBtbton @9° gepiRfiert Hirf'd 1P R2Ebof THY YrstiérrEonpri si ng: |
) an airfdrewopatbot hpugh st Rerspbnaner

11. The system of Claim 1, wherein the airflow path
through the spinner comprises a portion extending through
front stator cooling fins, and wherein the second and third
portion are derived at least in part from the front stator

cooling fins portion.

12. The system of Claim 1 further comprising an air

stream path extending through a rear stator heat sink.

13. An electric aircraft motor comprising:
a) an inner rotor connected with an outer rotor;
b) a stator comprising a winding located between the
inner rotor and the outer rotor;
c) a spinner; and
d) a cooling system comprising:
i) an airflow path through the spinner
comprising:
(1) a first airflow path between an inner
rotor and a stator; and
(2) a second airflow path between an outer

rotor the stator.

14. The motor of Claim 13 further comprising:
a) front cooling fins thermally coupled to a front

of the stator; and
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conmprising : (1) a first airflow path between an inner rotor and a stator;
and (2) a second airflow path between an outer rotor the stator. 14. The
not or of vEbantw@Bgrssurther conprising: a ) front cool i ngpCirrzs2aoeessmad | y
coupled to a front of the stator; andb ) the airflow path through the

spi nner extending through the front cooling fins. 15. The notor of Claim
14, wherein the front cooling fins are oriented such that the front cooling

fins direct airfl oy esterding1spi dBQ@}E tradih 2l ¥heutyerdt hiouwghithe front
cooling fins. 16. The notor of aim14 further conprising: a ) rear

cool i ng fitieuEherhal f3Podsrred dof & ¥ ear portion of the stator; and b ) the
airflow path through the spinner extend| ng through the rear cool ing fins

17. The notor _of Cla|m14furth rea olin flnsthernally
coupled to a rear pottiYwTofth aJsTa r W%teﬁglPeB\{‘ cglbcfr?tn Fi'h89%ext endi ng

beyond arriout ereradidtstaf duke sphanefe thntTheomh@rriofs diaiedr1l4 further
conprising rear cooling fins thernmal I%/‘]rcou pled to a rear portion of the

stator wieréiA"t ﬁ%t?re]af’rg SEOIPRG FRMsPane XiPeddsbh e ¢ &%t éR8 Fnto an air
stream ofccaniagreraft. 19. The notor of Claim 13 further conprising rear

16. The motor of Claim 14 further comprising:
a) rear cooling fins thermally coupled to a rear
portion of the stator; and
b) the airflow path through the spinner extending

through the rear cooling fins.

17. The motor of Claim 14 further comprising rear
cooling fins thermally coupled to a rear portion of the
stator, the rear cooling fins extending beyond an outer radius

of the spinner.

18. The motor of Claim 14 further comprising rear
cooling fins thermally coupled to a rear portion of the stator
wherein the rear cooling fins are sized so as to extend into

an ailr stream of an aircraft.

19. The motor of Claim 13 further comprising rear
cooling fins thermally coupled to a rear portion of the stator
wherein the rear cooling fins are sized so as to extend into

an ailr stream of an aircraft.

20. The motor of Claim 13 wherein the first airflow path
extends along inner rotor magnets, and wherein the second

airflow path extends along outer rotor magnets.
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cooling fins thermally coupled to a rear portion of the stator wherein the
rear cooling fins are sized so as to extend into an air stream of an

ai rcraf t .wdQ@o1ofize74sot or of Cl aim 13 wherein the first aipcitluseoopassizext ends
al ong inner rotor magnets, and wherein the second airfl ow path extends

al ong outer rotor magnets.21. The notor of C aim 13, wherein the first
airflow path extends along a front stator yoke and along a rear stator yoke

22. The ot o  of rfd aldpck3crwhek ehm 3 herseeondrairfd.ow pathieyt ends al ong
a front stator ¥oke and a rear stator yoke. 23. A nethod for air cooling an

el ectri c PR CPEFENADLDIOTCOFPEF S RgSEaEPY) YWASsPRE ahord rd f1sew ERPBRHH a

spi nner; Bk directing a first portion of the air flowto flow between the
stator and the inner rotor; ¢ ) directing a second portion of the air flow
to fl ow between the stator and the outer rotor; and d ) directing a third

portion of the2airrid awtaa blrow alengs aneuten sboefaseef dihgi1ewter rotor.
24. The nmethod of Claim 23, wherein the first portion flows al ong inner
rotor naghet’s S80I Tt Rod T81 T P& 240 fhérei d T3 secdnd E58g‘f’i on of
the air flow flows along outer rotor magnets. 26. The nethod of C aim 24,

wherein the f%;st oHrletti on, Eogfv\g.al ong, a fr%ntelgggt or Q’iorkc‘?:a @dmg%ggg a rear
stator yoke. ; e rre}Fho of “Cfafm 239 Wherern the Secon portion of the
air flowddmpwssahong outer rotor magnets.

a) passing an air flow through a spinner;

b) directing a first portion of the air flow to flow
between the stator and the inner rotor;

c) directing a second portion of the air flow to
flow between the stator and the outer rotor; and

d) directing a third portion of the air flow to flow

along an outer surface of the outer rotor.

24. The method of Claim 23, wherein the first portion

flows along inner rotor magnets.

25. The method of Claim 24, wherein the second portion

of the air flow flows along outer rotor magnets.

26. The method of Claim 24, wherein the first portion

flows along a front stator yoke and along a rear stator yoke.

27. The method of Claim 23, wherein the second portion

of the air flow flows along outer rotor magnets.

28. The method of Claim 27, wherein the second portion

flows along a front stator yoke and a rear stator yoke.

29. The method of Claim 23 further comprising returning
the first, second, and third portions of the air flow to the

alr stream.
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28. The nethod of C aim 27, wherein the second portion flows along a front
stator yoke and a rear stator yoke. 29. The nethod of Caim 23 further
conpri si nyoretuseisg the first, second, and third porti eas/ustomwiossias r fl ow
to the air stream 30. The nethod of Claim29 further conprising conbining
the second and third portions of the air floww th an air streamfl ow and
passi ng the conbi ned second, third, and air stream flow through a rear

stator heat sipk. 3ie r[molaﬁeelﬁoellgimCésaiﬂnr%%ekug&h@fi§i%§)rdo%bmgi§$nbi ni ng
t he second and third gortlons of the air flowwth an air streamflow and
passi ng tHhe E6ABNAeHNSdCurd, PPRIEENS aifd Tier 23€r &ARY fT0Ws ahPétigh a rear

stator heatrc8hnkiowZand he sBhhodnof cLAiitnBLeconyr i shing; diangcking a front

cooling fin portion of the air flow through front stator cooling fins, and
wher ei n tHeegBecbhd” arfr Ay @ poRE| Dt Eie Ngéti vedkat | east in part fromthe
cooling fin portion of the air flow through the spinner. 33. The net hod of
Claim 23 conprisin directin%#a front coolin%ﬁfin ortion of the air flow

t hrough front st at 0Fe dBEHAG °Of i A2 AP Wherern CREPSETIY ARG PAI?d porti on

are derive@ akcbgasind nrpait phremihecaold ag f Enopostdirorobithe air flow
t hrough the spinner. , , , ,
stream flow and passing the combined second, third, and air

stream flows through a rear stator heat sink.

32. The method of Claim 31 comprising directing a front
cooling fin portion of the air flow through front stator
cooling fins, and wherein the second and third portion are
derived at least in part from the cooling fin portion of the

air flow through the spinner.

33. The method of Claim 23 comprising directing a front
cooling fin portion of the air flow through front stator
cooling fins, and wherein the second and third portion are
derived at least in part from the cooling fin portion of the

air flow through the spinner.
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