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BACKGROUND [ 0001] El ectric notors for vehicles need to have high

ef ficiency tgﬁfﬁﬂﬁﬁ&%e power. Furthernore, in unnannegc%ﬁgggk-
ECTD320051058120

vehicles, lig wer g it and conpact electric notors ar

desirable. Thus, ironless notors are often used which can provide the
benefit of no iron |osses due to changing flux direction.

[ 0002] Motors are nornmal |y rated fogadsRgom@ak power and efficiency of
the motor. In so plications, high part |oad efficien IS .
desired, which iggﬁﬁgh e%ﬁ?%?@ﬁcVOVﬁﬁnQﬁﬁ&ﬁ%ﬁgkﬁk“F%g&ﬁﬁgéYeé“ﬁartiaI
| oad, i.e. l5%igiemanibootdreerperoest.. [OO008F Wt is weeded forial

hi gher efficieneyeg£omast HOLQE. RYVMARY L 0004k L1 oRe POSSIDI A 5o

enbodi ment, an aircraft
de;%rable. Thus, ironless motors are often used which can

provide the benefit of no iron losses due to changing flux

direction.
[0002] Mctors are normally rated for the peak power
and efficiency of the motor. 1In some applications, high part

load efficiency is desired, which is high efficiency when

machine is loaded at a partial l1cad, i.e. 15%% or some other

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

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

[0005] In wvarious embocdiments, the first airflow path
extends along inner rotor magnets and/or the second airflow
path extends &long outer rotor magnets. In various
embodiments, the first airflow path extends along a front
stator yoke and along a rear stator yoke and/er the second
airflow path extends along a front stator yoke and a rear
statcr 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 wvariocus embodiments, the airflow path
extending through the spinner comprises a portion extending

through front stator cooling fins, and wherein the second and



el ectric nmotor cooling systemis provided having an airflow path

t hrough 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 al ong an outer surface of

t he outer ro%‘péz ‘{1,\089’ 5] I n various enbodi ments, the first airfl ow path
extends al ong' 1 HAEr 7ot or magnets and/or the second aiFToR Pt
extends al ong outer rotor magnets. In various enbodinents, the first
airflow path extends along a front stator yoke and al ong a rear

stator yoke apd/orpd-pesrsecendicdivdd ow pakbe extepds al.ong«a. f Eonk
stator yoke and a rear -stator yoke. [0006]In various enbodi nents, the

second and t AP~ af¢FH0% PAENFEEXEeNnd t hrough a rear stator heat sink
al ong with an ai rfo@t7leam pather kembadimeous aentaddé mentvsdedt.he ai rfl ow
pat h extendi ng through the spinner conprises a portion extending

t hrough front stator cooling_fins, and wherein the second and third

portion are derived at | eadFrFh DFEFRIEF IR OF hEE PRAFINGS at or cool i ng
fins portion. [0000Jed her entmei reanivsearandatsmnpagas dedtheBREEent

DESCRI PTI ON OF, . JHE, PRAWNGS. [ 0QQ8LT h%né&asttg&gm_stwg&ge@gg% agses Qf the

present invention will be better understoo o the

fol | owi ng deSTrPPti%n feappenddt cPBEPFEedant2dBeomFdRyi AEFIPANiARgs
wher e: [ 0009¢fawEngd wdhoaws a sinplified expl oded perspective view of
an exanpl e nmotor ;4g09] FIG. 1 shows a simplified exploded perspective
view of an example moctor.

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

[G0011] 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 wview cf the

motor.



[ 00010]FIG 2 shows a sinplified cross sectional side view of the
notor of FIG 1 along its longitudinal axis. [00011]FIG 3 shows a
sinplified perspective view of the stator having a w ndi ng.

[ 00012] FIG 4 shows a sinplified view along a cross section of t he
not or of FlI J3]FIG 5 shows a sinplified front view of the
Totor . DESCUEHIERTO0014] FI G 1 shovs a oi npl | 11 ed dpromEm
perspectlve view of an exanple notor 10 along axis 22. A stator 40 is
secured to a housing 60.1nner rotor 50 and outer rotor 30

DESCRIPTION
[00014] FIG. 1 shows a simplified exploded perspective

view of an example motor 10 along axis 22. A stator 40 1is
secured to a housing 60. Inner rotor 50 and outer rotor 30
are secured to each other and surround the stator 40. An

optional propeller hub 75, into which propeller blades 70 are
mounted, is secured to the inner rotor 50. The propeller hub
75 rotatably mounts on the shaft 65 with bearings 16 and 18.
The bearings 16 and 18 are retained by retainers 20 and 14 and
cover 12.

[00015] FIG. 2 shows a simplified cross-sectional side
view of the motor 10 of FIG. 1 zlong its longitudinal axis 22.
The stator 40 is 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.

[0001€] FIG. 3 shows a simplified perspective view of
the stator 40 having a winding 45. The winding 45 is encased
within the stator 40. Cocling fins 42 and 44 are bonded to
the front and back stator yoke 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 45¢. 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 alsc 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.



are secured to each other and surround the stator 40. An optional
propel l er hub 75, into which propeller blades 70 are nounted, is
secured to the inner rotor 50. The propeller hub 75 rotatably nounts
on the shaft 65 with bearings 16 and 18. The bearings 16 and 18 are
retained by retainers 20 and 14 and cover 12. [00015]FI G 2 shows a
sinplified crod®!¥BYS onal side view of the notor 10 JICHESWIN813] ong
its longitudinal axis 22. The stator 40 is | ocated between magnets 35
and 55 of the inner and outer rotors 50 and 30, respectively. The
shaft 65 may be figbgiggat ed of.garbon fiher .other sui.t abl e
mat eri al . [00_0192] FI G % shows a chl falrrfL?ed Serogﬁe%?ﬁs’\ie Wew of
the stator 48°HavPHigla MhdF3fya45. 15PRESSA ndlithg U5 Permsrens edagethi n
the stator 48actGoebi ngefiingid® @ndnddcane dbandes ba-dihg ddnenty ard
back stator yoke.portions 43f 43h, J.espectively. FlL.G. 3 shows one
air flow cooli nglpat h,R in ?cat e b§/ t%réStgﬁgt&\%ESS%ytﬁlrnc%ﬁnéﬁest heeC%y
cool i ng finsl%#e8nd & MVEOI7ATRE F dnckks actienpd idesedoerdender
section of thecamter b@ief FkhGn 25:.The tMensidigr 4biddasy & sGORPd epsed
central regi 9N, 43%4er I WM NdiNg:-45 4 s, compressed .in the central,
regi on 45c so t]_:?l'at Tror e?co%%ﬁct%er Orgatl%g?isaa'tﬁ TR n%i‘ng%ﬁ%s’cdﬁ be
pl aced bet weBTPRE $ERGAEIR 35 Hird SShighdegdon Hae abreheconddiotoornScan
be | ocated cises Havet b€ niEN@INSu3E AN, S5 cOfpdrhead @50£:5130; 20850 to
provi de incregsed jmgpetic.field. strength in the winding 45. In this
enbodi ment , ‘I?t F‘ls not nggeé‘éear)?g%%nafg%he ends 45e of the wi nding 45
al so be conpress&POIThi sAleohbebnustEirhe empsiugesef thhewiididing545 do
not pass betweendt hevaragnet sigdbhiagd 25 taht t he naheisy 3% ads50.c WO
20101036745P¢T4 US2009103 018] 1.n_accordance_w th vari ous
. 1 .

enbodi nents, for o‘%h ax?%ﬁ%qaﬁggr%%naefsl ?%ncfregg’P?ﬁ\{\;i S PpEFVRITEAL
magnet machi'Hég§staie tiendivag- 45 tshouldliiase anhi ghsqraekéhgfemesity to
m ni m ze | 2Rde0saesimandsaicoBstrdsetii @A hhatitabnd mZes: £ddysukRsSsESs.
The magnets %%xg_nd 55 in the rotor 40 pass over/under a central
active region 45c of the stator wi nding 45, and not over/under the
edges 45e of thel®P3fbr HHevaly ABvnThrge for valkisdustambodirmsats, t he
active regi amedbtr gbps heunindisng ¥hwshouhd faver a9 AMEhneORAMELOT
i.e. copper,;:as sible in, the . vo of the activye segion 45c.
[00019] Al 50, n“‘%%fsi sht Eibo Frréﬁf‘J%,uc “he&Whai g 248 % RBUT G na0% i gh
rigidity so KA Redrftadi Hgldsinides wordidef4SectTrandlasenpamtint e
magnets 35 @ Bhe anstdro sadequat che/ Mighbed atw drae sbUr RodQel-Ur Ban
vol tages and_assQciat for ... The_w ndi 45 is enclosed in a
suitabl e nat g??aﬁcé%&:gug‘ﬂwagge%g%e)?ﬁ transf%r ?gom the statox 4% to the

magnets 35 and 55 across the gaps 4%u and 49i. As excessive

heat can 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, boreon

nitride, or other material that facilitates heat conduction.

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

surface area for heat transfer out of the stator 40 intec the



[ 00020] Al t hough shown | arge for illustration purposes, the air gaps
49u and 49i between the stator 40 and the magnets 35 and 55 are snall
so that the magnets 35 and 55 provide the maxi mum nmagnetic field in
the wi nding 45. The close proximty of the stator 40 with the magnets
35 and 55, however, can facilitate unwanted heat transfer fromthe

stator 40 to Yh®RHEEARts 35 and 55 across the gaps 49PCANE208H58120s

excessi ve heat can damage the magnets 35 and 55, the stator 40 is
provided with front and back cooling fins 42 and 44. [00021] Thus, the

wi ndi ng 45 shoyld have ? }Leo%tfhersrlrmlgrqﬁed&gcg cF?(aE(Ql%e 955 Ng,,¢9014.ng
fins 42 and 44. For di ment s i'$ encased in
epoxy mi xed Wi él?er?ePFrdzlhleyb%nH%tm@*e Offltfqeeﬁt@?éh as al umi num

oxi de, boron nitribde3lor meheoommier fidls tdratarkacisl itagt a8 heat of

conduction. 1 00922] . The frQnt, stat ke, 43t _surrounds, the
front end 408t o the ‘st ator 40uon£lb reegéh%% % pro\yn e %D(r:tlve

surface area™'GrifkatT er eRrefBy T 6F aKeddtBavope 40phna¢ osarhRsatelfyr ont
stator yoke 43f .bcSusdl ardhy a tloe laa@:l(nayoliapéd%bc:&u]ﬁdrﬂurtds thBr eg:toh-des

of the back 40et . of ;L he_st he Ilng 42 and
44 may be rnag(gggfg Tl‘t?rmgnugr%’ o?‘?c??%g%ralﬁ aotlffnég-l |ltﬁtcg1 Efuhggl§
conducti ve nat &PFaibleThR 86l ?Wd#m%smzha&nahmzﬁrmy eb\é f&:ned the

separatel y amghtbondedi-ai the aoécmWeﬁdﬂecma.@l bd Mpedange bondct® {heanstator
yokes 43f angd 43h % it egral,ly esor ned ‘i“ th them Further it is
erbodi Chat = FRe-Froh

possi bl e in sone i ments t end 40e of the stator 40
and the back end[%®&t]be Ta? r ety ‘e’f&%ﬁ@@:t &hst 092 retend| prey fimsad?2
and 44, respagihyel ¥irdeQ0O24]rbhe the oBtorto0Qhuk-Reg-f 1438, 42F extend gway in

a forward di o] o] he front surface 43f he fron at or
yoke 43f. Thegga%%t 9%%%I ?gnft fl'{ljls Oéllréecfcé di al Itlnorf]%n Jﬁﬁﬁ%spect
to the axis q22efFQQB@BthTH€SB%Ek to the axis 22 (FIG 2). The back

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 so0lid 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 zrear cocling fins 44 surrocund 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 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 cever 33. A small portion 401d of the air flow

401 passes between the inner megnets 55 and the stator 40



surface 42b of the cooling fins 42 are bonded to the front surface
43f1 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 enbodi ment not shown, the solid front surface 42f is
not present. YH2E¥PFHS anot her enbodi ment not radi al | PCTRSTOPP/EHIZ0 £ | ow
shown, the front fins are axially between theminstead air flow

O her configurations are possible. [00025] The rear cooli ng fi ns 44
surround the S Ok gy 0 3 nd, a radi al | or|e

respect to thg?%%lhsg% % lﬁ% s heogrg}éa?ggecolo Thy %? i 4% et
surrounded byt#olPd sutert ralsng’ozl@ansTﬁé ﬁh?néro@uryf)la%e?@@ aﬁdllthEM| ch

may be a benbagefokportbongiebtBacly Afonkbecionns 4is i sndionded: 49 the
top outer sugpfgce.4 {)tth(} ﬁ hg)oﬁck st% or yokgIéBb ;I')he ai é?];ll?f%\{\‘gn

through the rear coo i a°directi on generaﬁy
axi s parall eth\‘fﬁol?fhY‘?]‘H?e’g i s Mot (H| Ghe23ir flow 40L0DOR26}F Waroudh dwed01

enters the throughobhmeopthonat SpiiHREEQY aRd aQQVEIOWS%rrAv SI@ll,

portion 401d,@af the air ftlow 401 1gas%:es tbet en the inner nets 55
and the stator 40 “*°Fhtough g cool i 06 Bt ht e 3 nné‘r dhiet s
55 and the sP%ﬁtéﬁnﬁlba%f v%erlflszy porat Pemsesobetveen f thentryeakeadtBftsand

t he back yokes 43, tdérﬁtﬁtby by mey@mmngagrhm sBblingokbiOn 401d
he back stator yoke

exits through, grz%ésné? OV\éIt'he t(és in

43b. Mbst of t 6 alr Tfow 401 Passés® fhrduﬁﬁ e 3% SRETE81 $hdPRi ns
42 as indi cat@@tbyekgi f3% pawwrwmm@ PPt elirpadsi g cotraatgin t he
front cooling fin®o42; arsmalde RRELION AQLboof L1 raﬂ:' @Y\’a»ﬂ%@bp%SGS

bet ween t he e nets 35 and,the stator, 40 t h the gap 49u,
cool i ng bot h('!ijllfeye fée ou er%?racoﬁfg sq§ 2%h H’Fhépls’inﬁfopg 45’ PA&S weFiougl

portions of RGE PP ofﬂlsyo%@‘mﬁﬂ aﬁi&st hb dEcR) yok&148hgvedi tectdugeby
convention. reotor 30. Depending on the embodiment, a small portion 40lg of

the air flow 401 may also flow in front of the frent cooling
fins 42 and exit through port 38. The large portion 40lc
combines with the air flow 401b from the upper gap 4%u 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-%0 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 brackets 32. Open area for

airflow 401 (FIG. 4) is about 80% of the total available area,



[ 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. Dependi ng on the
enbodi ment, a small portion 401g of the air flow 401 may also flow in
front of the front coollng fins 42 and exit through port 38. The

| arge portion AU BMbi nes with the air flow 401b fr GGHUBRYEHE gap
49u to fl ow 401f through the rear cooling fin 44, along with airfl ow
401e entering directly fromthe air stream adjacent to the spinner

80. [00028] | @han%QO%ql Wtrs Eb@ckfc—éﬁn@); nc%tel EANE f%%% COZQJI;‘]fIE fJo'l si ze

and pl acenent " al ong wi'th OW over an rough t
conponents a$ ?fbsf&P’i‘“betd”H%?}bltﬁel ?@ﬁ%ﬁoﬁﬁatw%tﬁem%ﬁgﬁét’sh%ﬁér £low
mai nt ai ned a#0k tfénpersaturechetiow rabottcod0idegr ee 4@el STAES aagdﬂtob,e
wi nding is mgjntai ped,.at t w about , 0..deg
Cel sius. [00029]FIG & %\ﬁsg?@lﬁj%ﬁu S?I Eﬁﬂ#r o%t \E/{I ew oa he %rzgts(?r
10. The i nner “2&id 166¥Jeer frlﬁ’r’o?%er% aﬁdlcss@f aF]@nhé‘ledaqcéé@téﬁéﬂ to fdsks
enbodi nent weih sthsmevbrackets gaxt which al so hol d on an annul ar
cover 33 (FIGS. 2,a3d:4) ir_flow 40 fo h nt_.cooling
fins 42 flows thf%ou ]thglggpgﬁat?hgﬁs pet \%/gen ctoﬁge Br-acidts 32.
Qpen area f of"R&FH19ow 401 (Rl Grva)ties a‘EeuPOBO%mtetihét?t otiatraft.

avai |l abl e areastherthe remapaing a2@%é®1bb@ci<redalbye&wﬁtﬁilﬁé:%‘sket Sha2.

Airflow 401 en f thraough_ t.he separtlons nost of the air
fl ow 401a fl%)}% % + ?%lt?eﬁ aﬁga TORE"c0d t%ng fi ﬁ%‘y\nﬁyﬂfﬂ@ a&ff fbw 401

is slowed byljt"Hée%diom‘fé SBOT( FHES2fY- anttrdjumandridnestadoss artbr
little flow eneagyents | ast, inkedad e-esel efabed tadfree. air stheam
vel ocity at [ 00030 hough_show j n. .the context, aircraft,
embodi nent s B}%EE e%%nv%ntl o%lurézﬁle ng]t TR 6 Hir ltF‘%\fatl r 'A%r not
all parts ar® PepRAtee i9f aFImaé’rrbédW?eFFPSl?ltThé m¥dve deserihedy,

appar at uses, drteifdstc andr syt effarat @ Botsysdahied to UAVs, or

aircraft. Varioug,,ap| ementation d/ or_enbodi ment |ncI“ude
ot her ot or usesﬁmlo. i m;? Sl i ndugt}gl al°e {E%% FuY trﬁg?re% sGhe e

enmbodi ment s, empﬁ%l“ﬁF’F’fl W n# 9” beema@fﬁé‘ﬁat'éd megps j tthahy e preheicuésul t of
motion, i.e.febhtyid)gsteidtvirag, orelcarac®@bridia cappairabals 0F SYSIceMn

[00031] It is;worth that an refere ce tg "one enbodi nent" or
"an enbodi ms\n¥éﬁ trtregnégg%ﬂatmgrét part ?%%I SCPEat urd, @ tleulé‘fqﬂ“%nt’orlf

charact eri stqeél’ﬁ%jsch}tfeGPP?ﬁrééFﬁﬁe@tfl gre whrdret Hen embolibesintentiyimbe

i ncl uded i nvapi@bedbs@Ntin idhedepisiadcadha appeasancRssof-it he.phrase
"in one enmbqdi gj" ri.ou | aces . in the specification are not
necessarily a}f T errltﬁgl tagl tenng) garre énbodi nent. [00032] The
illustrations anf(?oé%?drrpl Te@ prévitdedidier @nfl examples provided herein

are for explanatory purposes and are not intended to limit the
scope of the appended claims. This disclosure is to be
considered an exemplification of the wvrinciples of the
inventicn and is not intended tec limit the spirit and scope of
the invention and/cr 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 in this patent is
intended to serve as a basic description. The reader should be

aware that the specific discussion may not explicitly describe



are for explanatory purposes and are not intended to limt the scope
of the appended clains. This disclosure is to be considered an
exenplification of the principles of the invention and is not
intended to limt the spirit and scope of the invention and/or clains
of the enbodégEE&wélLustrated [ 00033] Those skilled in the art
wi |l rmake modifications to the invention for particul ai“TdSHPTEEY ons
of the invention. [00034] The discussion included in this patent is
intended to serve as a basic description. The reader should be aware

that the speghli&nfuskdigsi 9hsMBYe N g%@éfngtide\é %écfrdp'??mta' hlso,
enbodi rrentsn%gs it?le and alternatives are _inplicit

di scussi on ISCHPT AP e RBY alHF tTHie! Getidrren n%ﬁeurgé”%?lct Wéti”fﬁ/é’ﬁftl on
and may not éxpliroettionshow tegwneachpt sattliy eston Bbenenh samuactdtal |y

be represent atimet0ka LUt YALGN €benBRl S app, r ldcitly
included in this (11I:| sa(l:I osure. ?V\h%rgﬁ |an1§/l§%t%30neqlhg %%ggrl gp

devi ce- ori enf&4 Y eFIPﬁSr?oF‘B@gympéh%‘ﬁlélléﬁéh‘i‘edoﬂ“t?fésdéwcéés???pl T”%ﬁllel y
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Clains 1. An aircraft electric notor cooling systemconprising: a) an
airflow path through a spinner conprising: i) a
first airflow path between an inner rotor and a stator;

ii) a second airflow path between an outer rotor and the stator; and
iii) athirdairf ath al ong an outer surface of the outer rotor
and &%%?&@ﬁ% fein the airflow path through theJ{iS#fi%8120
conprises a portion extending through front stator cooling fins, and
wherein the second and third portion are derived at least in part

fromthe froghpsdiabols %Qlemgaxfa %tp%Eér@@d to oe Pimillfy,SHSLENO
Claim1, wherein the first air extends al ong I nner rotor

nmagnet s. con guﬁtelogﬁs?réjrn‘:{i‘f‘bl@aég?ﬁsz CIWREATEERS t3TE BRTUREC ai 'l ow
pat h ext endsset¢tong that einveot oyn neEgnetst limitedd. tBhetﬁ@’Stcﬁchcﬁse@ aim
2, wherein tbgddihsteai £fdQw path @gea Al ARG tator yoke
and al ong a rearlstator yo% 4 q%ﬁé s%%ggm%ﬁ %§%§n11 wherein
the second airflow path extends along outer rotor magnets.
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6. The system O Claim5, wherein the second airflow path extends
along a front stator yoke and a rear stator yoke. 7. The system
of Caiml1, wherein the first, second, and third airflow paths return
to an air stream path. 8. The systemof Caim?7, wherein the
second and third airflow paths extend through a rear stator heat sink
along with an air stream path. 9. The systemof Caim1l,
wherein the second and third airfl ow paths extend through a rear
stator heat sink along with an air stream path. 10. The system
of Caiml further conprising an air stream path extendi ng through a
rear stator heat sink. 11. An electric aircraft notor
conpri si ng: a) an inner rotor connected with an outer
rotor, b) a stator conprising a wi nding Focated between
the inner rotor and the outer rotor; C) a spinner;
d) a cooling systemconprising: i) an airflow path through the
spi nner Claims '
1. An aircraft electric motor cooling system
comprising:
a) an airflow path through a spinner comprising:
i) a first airflow path between an inner rotor
and a stator:
ii) a second airflow path between an outer
rotor and the stator; and
i1ii) a third airflow path along an outer
surface of the outer rotor; and
b) 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.

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 cuter 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 seccnd

airflow path extends along outer rotor magnets.
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(1) a first airflow path between

conpri si ng:
an inner rotor and a stator; and (2) a
second' airfl ow path between an outer rotor the stator; e)

front cooling fins thermally coupled to a front of the stator;
f) the airflow path through the spinner extending through the front
cooling fins; and g) wherein the front cooling fins are
oriented such that the front cooling fins direct airflow entering
spinner radially outward through the front cooling fins. 12.
The notor of Caimfurther conprising: 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. 6.  13. The m®tsysteh & ailmidls, fHEther e ORELSE NG
ear ool 109 PO Lo Ut 28O 05 ROV 1A% R LS

} yoke.

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

sécond, 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 reax stator heat sink

along with an air stream path.

9. The system of Claim 1, wherein the second
and third airflow paths extend through a rear stator heat sink

along with an air stream path.

10. 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 rotoxr:

b} a stator comprising a winding located between the
inner rotor and the outer rotor;

t) a spinner;

d} a cooling system comprising:

i) an airflow path through the spinner

comprising:
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fins thermally coupled to a rear cooling fins extending beyond an
14. The notor of Claim 11 further conprising 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 air stream of an
aircraft. 15. "The notor of Caim 11l further conprising 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 air
stream of an aircraft. 16. The motor of Claim 11l wherein the
first airflow path extends al ong inner rotor magnets, and wherein the
second airfl ow path extends al ong outer rotor nmagnets. 17. The
notor of Claim!:, wherein the first airflow path extends al ong a

front stator yoke and al ong H)reafiskakDrflpakeath between an inner
rotor and a stator: and
(2) a second airflow path between an outer
rotor the stator:
e) front cooling fins thermally coupled to a front of
the stator;
£f) the aixflow path through the spinner extending
through the front cooling fins; and
g) wherein the front cooling fins are oriented such
that the front cooling fins direct airflow entering spinner

radially outward through the front cooling fins.

12. The motor of Claim Il
further comprising: '
a) rear cooling fins thermally coupled to a rear
portion of the stator; andg
.b) the airflow path through the spinner extending
through the rear cooling fins.

i3. The motor of Claim [!
further comprising rear cooling fins thermally coupled to a rear
portion of the stator, the rear cooling £ins extending beyond an

outer radius of the spinner.

14, The motor of Claim 11

further comprising rear cooling fins therrally coupled to a rear

13



18. The nmotor of Claim | , wherein the second airfl ow path extends

along a front stator yoke and a rear stator yoke. 19. A et hod
for air cooling an electric aircraft notor conprising: a)
passing an air flow through a spinner; b) directing a
first portion of the air flowto flow between the stator and the

i nner rotor; c) directing a second portion of the air
flowto flow between the stator and the outer rotor; d)
directing a third portion of the air flowto flow al ong an outer
surface of the outer rotor; and e) conbi ning the second

and third portions of the air flowwth an air streamfl ow and
passi ng the conbi ned second, third, and air stream flows through a

rear stat orpobesdn sifnkhe stator Zﬂerél':he tABthed @501@!0@' FQ axdELEH N he
21. The net hod

of " ar 20 Suher B R A R o BB B A FESHREE 1 ow 11 ows a1 ong

outer rotor magnets. 22. The nethod of cl ai n20, wherein the

first 15. - The motor of Claim Il further comprising
reaxr 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 aircraft.

16. The motor of Claimll wherein the first
airflow path extends along inner rotor maénets, and wherein the

second airflow path extends along outer rotor magnets.

17. The motor of Claimll:, wherein the Ffirst
airflow path extends along a front stator yoke and along a rear

stator yoke.

18. The motor of Claimll., wherein the second
airflow path extends along a front stator yoke and a rear stator

yoke.

19, A& method for air cooling an

electric aircraft motor comprising:

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 rotoxr;

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

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

along an outer surface of the cuter rotor; and
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portion flows along a front stator yoke and along a rear stator yoke.
23. The nmethod of O aim 19, wherein the second portion of the air
flow flows al ong outer rotor nagnets. 24. The nmethod of Claim
23 , wherein the second portion flows along a front stator yoke and a
rear stator yoke. 25. The nmethod of Claim 19 further
conprising returning the first, second, and third portions of the air
flowto the air stream 26. The method of O aim 19 conpri sing
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 fromthe cooling fin portion of the air flow
t hrough t he spinner 27. The method of Claim 19 conprising

directing a front ceplddmgihiny pRE 4B andhenigr ?Hﬂ\ﬁnyﬁ:@%ﬂg df.ont
ortion are

st at or cool S n erein,the second and
derived at eas"{ltlﬂnmbgarlg V\@rea % ? Ry STTH t’p‘Sr‘E‘?“E’ﬁn%@ 956%i r fl ow
t hrough t hébdpdmped air StreéZIB leﬁ ei;hecmgh e sdarcEBdtdodThEA sGARPri Sing:

20. The method of Claim19 , wherein the first

portion flows along inner rotor magnets.

21. The method of Claim20 , wherein the second

portion of the air flow flows aleng outer rotor magnets.

22. The method of Claim20 , wherein the first
poxrtion flows along a front stator yoke and along a rear stator
yoke.

23, - The method of Claim 19, wherein the second

portion of the air flow flows along outer rotor magnets.

24, The method of Claim23 , wherein the second

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

25, The method of Claim 19 Ffurther comprising
returning the first, second, and third portions of the air flow

to the air stream.

26. The method of Claim 19
comprising directing a front cooling fin portion of the air flow

through front stator cooling fins, and wherein the second and
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a) an inner rotor connected with an outer rotor; b) a
stator conprising a wi nding |ocated between the inner rotor and the
outer rotor; c) a spinner; d) a cooling systemconprising: i) an
airflow path through the spinner conprising:

(1) a first airflow path between an inner rotor and a stator; and

(2) a second airflow path between an outer rotor the stator; _
e) front cooling fins thermally coupled to a front of the stator;
f) the airflow path through the spinner extending through the front
cooling fins; and g) rear cooling fins thermally coupled to a rear
portion of the stator, the rear cooling fins extending beyond an

outer radius of the spinner.
third portion are derived at least in part from the cocling fin

portion of the air flow through the spinner

27. The method of Claim 19 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 porktion of the air

flow through the spinner.

28. I An electric airecraft motor comprising:
a) an inner rotor comnected with an outer rotor;
b) a stator comprising a winding located between the
inner rotor and the outer rotor;
¢) a spinner;
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;
@) front cooling fins thermally coupled to a front of
the statox;
f) the airflow path through the spinner extending
through the front cooling fins; and
g) rear cooling fins thermally coupled to a rear
portion of the stator, the xear cooling fins extending beyond an

outer radius of the spinner.
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29. A method for air cooling an electric aircraft notor conprising:

a) passing an air flow through a spinner; b) directing a
first portion of the air flowto flow between the stator and the

i nner rotor; : c) directing a second portion of the air
flowto flow between the stator and the outer rotor; d)
directing a third portion of the air flowto flow al ong an outer’
surface of the outer rotor; and . e) 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 |east
in part fromthe cooling fin portion of the air flow through the

spi nner.
29, A method for air cooling an electric aircraft motor

comprising:

a) passing an air flow through a spinnerx;

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

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

d) directing a third portion of the air flow to flow
along an outer surface of the outer rotor; and

e) 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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