-1 - OVER- MOLDED LI QUI D COOLED THREE- STACK MOTCOR RELATED
APPLI CATION(S) This application clains the benefit of U S.
Provi si onal Application No. 61/166,401, filed on April 3, 2009, the
entire contents of which are incorporated by reference. SUMARY OF
THE | NVENTI ON The present invention is a brushless, liquid
cooled or air cooled direct current notorjformed froma three stack
stator and three section rotor assenbly using an integrated 10water
cool ed or air cool ed housing. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is an exploded perspective view of the conponents of the
notor. 15Fig. 2 shows nore detail of the conponents of the stator.
Fig. 3 is an exploded view showing the stator and rotor in nore
detail with an air cool ed hou5|n%ﬂa . 4 is a perspective view of an

ai r-cool ed casing of O¥EReM&YiDER COLYEDr AHRED- IMPTOR OF THE

| N\VENTI ON Thi s application incorporates by reference U S. Pat ent
Application No. 11/800,716, filed May 7, 2007, entitied "Electric
Machi ne Havi ngREAFERARPIZCATHION(RND co- pending U. S. Pat ent
Application No. 11/800,715, filed May 7, 2007, entitled "Crinped
Rotor for an Eitieenmlisatismebiime s bonefuof U hrevitiona hoplicating Nood Hebfiig

-2 - US. Pat ﬁl@{ll @%! §32t0 Qhé\%rtllr%één%gnzs %ﬁﬁ] %]}1 A.rg q’tc g?’%%d,gt?y %Pe?ezlce.

entitled "Autonma nder nsi ess
5

SUMMARY OF THE INVENTION

The present invention is a brushless, liquid cooled or air cooled direct current motor
formed from a three stack stator and three section rotor assembly using an integrated

0 water cooled or air cooled housing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of the components of the motor.

15 Fig. 2 shows more detail of the components of the stator.
Fig. 3 is an exploded view showing the stator and rofér' in more detail with an air
cooled housing.

Fig. 4 is a perspective view of an air-cooled casing of an electric motor.

20 DETAILED DESCRIPTION OF THE INVENTION

This application incorporates by reference U.S. Patent Application No. 11/800,716,
filed May 7, 2007, entitled “Electric Machine Having Segmented Stator” and co-
pending U.S. Patent Application No. 11/800,715, filed May 7, 2007, entitled

“Crimped Rotor for an Electric Brushless Direct Current Motor™ and co-pending



A description of exanple enbodi nents of the invention follows. 5 The
conmponents of the notor shown in Fig. 1, Fig. 2, Fig. 3 and Fig. 4
w Il now each be described in nore detail. The nunbered paragraphs
bel ow each descri be a conponent that has ref erence nunber as used
in the figures, although different referéﬂbe nunbers are used to
refer to the sanme conponents in different drawi ngs. 10 1. Miin notor

housi ng. This usi.ng i.s,md LNgl A P 1..37
ns desari bed | SmErETARURTIBaRI Ao BaE Rt ufy g3 B e
wat er cool ed housieP thrbn TikiddBrashléseStdausing is ported to water cool
the notor drivers, or it can be an air cooled housing 37. It is the

franme on which the rest of the notor is built. The 15nmi n notor

B s e AN

install the stators re ac arger than the
housi ng bore, the housing is heated to above 500 deg F. This expands

the alum numtqQ a bore di ter greater than tfh ut si de._di er of
the stators 9 : GORPONEHS ‘%ﬁOE?gSI?%laﬁ_L‘%gz %g_nlg‘(go F‘éﬁ?'gt%g’?‘i\“ﬁ’% an
interference fdnBE deddfibed in hbrS dRAEL CERSuntbefdPatdpfihs b6 R h s &itRS
20"shrink fit". In this application, the interference gl ves opti mal

heat transfer demseent thatbacorefensansmberrad upaskiaithesfigures, dthough difisranp t o
a tenperature that far ceed e t L €. .
Rssenbly. The ‘it AmBF A Srd Qar e 015} B STRGh Al Wawings,
and opfpi mal heat transfer in this unique process. 252. Phase nodul e.
This module 2 is for phase A and there are two faddi Ei onal. nmodul e

for phase B anh Maiaelonbeusiags ARISDAPFIYE fsdRae PUER! AR OF PIHIBH 1 7
PUr poses. Theyas@fe%cr%@?ﬁ‘{;hﬁi% e@HeRY,. W day BE Sortigured 'tk itk W@ cdbigi t al
DSP) boara 7

si gnal processor , It is an inconplete driver. There are
five junpers ZWousingilrig whichithebakingdopdred tSivaigecaohtheana@oicdsiveess pleig can be

t hey are consider.ed r_con ar.s. e =\ i !
R L
positiwe, st at@hinln@Rer hou¥ing ¢ @MUIRinAA8 of 2 ak squasd ettiondanofatnimn. Tand
negative. In the Fig.1 notor, the drivers are di rectl)i1 vva,te{)-co | ed
Wi th cool ant finstall theestaters 9. thafiags actually 005-006" larger than the’housing bore, the

housing is heated to above 500 deg F. This expands the aluminum to a bore diameter
greater than the outside diameter of the stators 9 so that they can be installed. When
cooled, there is an interference fit of .005". This process is sometimes referred to as
20 "shrink fit". In this application, the interference gives optimal heat transfer between
the components, and retains the stators 9 up to a temperature that far exceeds the
expected temperature of the assembly. The stator outside diameters are ground prior

for accuracy and optimal heat transfer in this unique process,

25 2. Phase module. This module 2 is for phase A, and there are two additional
modules for phase B and C that are essentially identical for description purposes.
They are sometimes called drivers but, without the digital signal processor (DSP)
board 7, it is an incomplete driver, There are five jumpers 2A coming from each
module. Since two are connected, they are considered four conductors. When

30 viewing Fig 1. phase module 2, from “back” to “front” they are labeled as follows:
positive, stator lead, "y" connection ( aka "star" connection), and negative. In the

Fig.1 motor, the drivers are directly water-cooled with coolant from the main motor



- 3 - housing. A seal 15 is provided to prevent cool ant | eakage. Al
t hree phase nodules 2 are essentially identical. The conductors 2A
(aka | eads, junpers) facing up are soldered to the bus bars 3 (aka
notor | eads) and the "y" bar 4. The two Vé)nductors faci ng down are
soldered to the stator ternminals 9A below." S 3. Bus bar. Sonetines
called notor |eads, these two bus bars 3 distribute power to the

t hree phase

bar 4 connect m)l(‘j e ‘é‘gt B 55al A&fs %?Vléﬁietotpﬁervg%t P %P oF @‘aﬁﬁt’%}g@‘fﬁé’ﬁa“\%ﬁ‘%g 2

drawn in scherra&t: bﬁentldﬂg 1&dnf16dJ|The|déQ&ﬁ:tdr$ kg (#ka'lydds, julmperBfaciBgup are
antivi bration nount ese gh t enperature rubber bushings 5 danpen

vi brations in tokderasie thedyus basg dél@dn?tpbmfiﬁ)gl*ﬂ%tﬁrb%ﬂe@@ W‘V&r%i"ﬁ%@s
b
o "oue | A SR LRSS AR koo™ ©, Up0orL e

board % snap into place without fasteners. The Iooms are fit in a

cont our ed pocket the main hoys 7,.] ust
i nstal | ation. h%% gorﬁgiry%%gﬂqﬁerpgtor PFF\% 1{9 W&%’F%@éaﬁ@&?ﬁ@?ﬂ’%‘%n
installed 20 e Ppeamhdduisoneti mes cal | ed the driver board but
technically, the board on top of the phase nodule is the driver
board. This DSP board 7 connects the three phase nodul es and the hall
conmut at or 8 e} egiw I Pos: f .o tal. sk
Thi s m cr o- pr ot esncipéfiop Sus S5 i 80ESor S Yonfiofl R e LB TAEE S AGH
25t he ot or peog@hdrawten drabm illatHematieymhi dicait laxds tiked "y Thi s assenbl y
8.conprises the three hall sensors, the hall interconnect circuit
board, a ribbon cable, and a hard rubber shell that is forned around
it in an injecdigp gipLoiVibraRb e, ?ﬁéskﬁ(ﬁhcwtﬁ er@iﬁ{éibﬁlﬂar%s}ilrfg%@dampen
nol di ng. 30Thi s Sensor nounti ng techni que was devel oped for ease of
final assenbl yyibptionssothedsbarstiriucedfien highanetorspeediharmonissl accur acy
of locating the sensors. This assenbly is self |ocating and fastened
with one screw. A snap-in assenbly is also

15 6. Bus bar loom. These high temperature plastic looms 6 support the three bus bars

3, 4 and the DSP board 7. The bus bars 3, 4 and DSP board 7 snap into place without

fasteners. The looms are fit in a contoured pocket in the main housing 1, 37 just

prior to bus bar installation. There are no fasteners. The top cover retains them when
installed

20
7. DSP board. Sometimes called the driver board but technically, the board on top
of the phase module is the driver board. This DSP board 7 connects the three phase
modules and the hall commutator 8 electronically. DSP stands for digital signal
processor. This micro-processor can be programmed to modify, limit, or maximize

25 the motor performance.

8. Hall commutator cordset. This assembly 8 comprises the three hall sensors, the
hall interconnect circuit board, a ribbon cable, and a hard rubber shell that is formed
around it in an injection molding process called over-molding or insert molding.

30 This sensor mounting technique was developed for ease of final assembly,
protection of the sensors and circuit, and accuracy of locating the sensors. This

assembly is self locating and fastened with one screw. A snap-in assembly is also



- 4 - possible but not preferred due to risk associated with harnonic
motor vibration in this assenbly. 9. Over-nol ded stator phase. The
stator 9 is typically an array of el ectromgnets 5w ndings that are
sequentially activated and polarized to iaduce axi al torque on the
rotor. By switching the el ectronmagnets w hdings on and of f and al so
changing the polarity of the nagnetic field, the electronagnets

wi ndi ngs either epbrace or th er mane net s
of the rotor 1@955%@" pat pﬁi‘fﬁ’égf%ﬁ t?ﬁ‘ Fﬁ%‘ﬁ?}ﬁ‘g‘ﬁ’&g@%‘é‘?"é“&% Hﬁ'?’@tlﬁgfn
magnet ' s nort hypgndseyiy.h poles are attracted to 10opposite poles and

repel poles of the sane polarity. Hence the term"opposites attract".
In this three stack notor, unlike nmultiple phase or nultiple pole

t at |

2cti ve at the Labuifbfed GASPANEC il BACS cibcafly Sh kel Of Mcforleli
Slh l'icon iron ngu%dnigs t}&ﬁaretsw@emianjziangvamsmdtp@laﬁzgi todndiie8 akial torque enthe
the magnet wire from shar e a co

15i nsu?atlon f%gﬂFWB&W&‘% ﬁ%‘f‘é?ag“‘ﬁw? ingé g aﬂ’g Fﬁ%ﬁ@@ogﬁﬂw
connecting theg%ﬁtﬁg@%%fgﬁeﬁ@ﬁé]@ h@é]@él%n{{gﬁigé @1&%@9‘éﬁﬁé?re§1bra%e\ﬂpféﬂéi

bundl e of seve gnet W re con uctors an over-nold 2,
32 of high tenfhepatmanent ngggnsts (ESemrFHg)ﬁ&eﬂthtrsEmrﬁQpﬂhlastw basedzmm

-nmol d 32 h ' N
ur poses. bt PHPRT VYickaingte bl megigSa o fou pet b EhnRlei
t hrough t he asthpolthHh@eBﬂﬂSs offthd dairfe polegity. Hehck taexermh'eplmsaese

locating features, 8% pin and cavit features that, a |g£E
stators 9 and @3@@1 dn veﬁhrw#achglo@mdura ¢ spultinle phase ax MBliplemy q*fﬂ%fﬁta"

ot or cover ﬂgé %gaﬁ?n%@t? ‘;\]ﬁﬁﬁ%?}? 2 glﬂéntsﬁfb Wnkd SRy a@HE Mimd dIRL. ’l'thhbe

not or terrperatur £0°rel éase the stators and/ or
t or que exceedsassenblgicomptisesladamsingted stack of silicon iron Fig. 2, 34, two winding inserts

Fig. 2, 33 to protect the magnet wire from sharp comers, a coating of parylene for
15 insulation from surrounding metal, two stator terminals 9A for connecting the wire

bundles to the phase module conductors, a wound bundle of several magnet wire

conductors 36 and an over-mold Fig. 2, 32 of high temperature, glass reinforced

thermoplastic.

20 The over-mold 32 as shown in Fig. 2 is “removed” for illustration purposes, but in
reality cannot be removed. It is injected molded through the assembly. On the ends
of this over-mold 32, there are locating features, e.g., pin and cavity features, that
align the stators 9 and couple them during and after installation. The front motor
cover 11 also has pin features. In the unlikely event that the motor temperature

25 allows the housing to release the stators and/or torque exceeds conceivable levels,
these features will maintain radial orientation of the stators 9 until those conditions
subside. The main purpose of the pin features is to accurately align the stators
during the shrink fit operation. This over-molded plastic, as opposed to varnish on
the magnet wire, efficiently conducts heat, which in turn raises resistance, away

30 from the stator 9 and the electromagnet windings. The stators 9 preferably are lined

up straight, e.g., with no radial offset, for ease of manufacturing, electrical symmetry



these features will maintain radial orientation of the stators 9
until those conditions subside. The main purpose of the pin features
is to accurately align the stators during the shrink fit operation.
Thi s over-nol ded plastic, as opposed to vgrni sh on the nagnet wre,
efficiently conducts heat, which in turn"tTai ses resistance, away
30fromthe stator 9 and the el ectromagnet w ndings. The stators 9
preferably are Ii&ed .u]}i) S%Lai?héé e.q., wth no radial offset, for
ease of nanuf atANSIOFTREONs: PRACTAST LSS try - 5 - considerations, and
ease of assenbly. There are two winding inserts 33 press-fit into the
ends of the stator |am nation stack 34 prior to the winding of the
stator 9. The Wherelaredwp ndrding ingatsaldepressjiis inte therppiniefthe sfaton famination stack
pref erably nmadg, of hi gh t.erper r l,a e t '

The pur pose.of 4 Raonip i HRRSEptaiud oy 3he yRAMPEG UF LR daed.
wi ndi ngs 36 dugridge pre€eritil N diadeofigle Raperatunel glass weinfortaihermdptasiastThed on
of el ectromagnet w ndings, 36 until _they are ve{-m)l ded. |n. thi ]
preferred enboPyraessof the wigding iperted 3yis 10 profest @ﬁé e‘F‘F‘P’H?g“FfsWH'B&gF ég dyripg
the stator 9t - Of - € 1; WM s ; ;
Sl'ots {008, 1 nERAREE bk, s o R Ao e et Ao
conpri se over - thepkwtiaver-tnhkledi hothisgréferset ansbodBnentranegting, lee., paryiane film,

slots 9B in an, ovet -nol.d at, woul d better protect .th e '
during wi ndi ng‘sﬁyf’a‘\‘ﬁdrqgﬁlbe SEB%"W?&"&E?}S‘%E'H’ Sl ates Tusdhestadd S0

t her eby, el i mi naBi BoadobifRr 6ABédiMENtaiNE pRiceSDf asaansiiing widul suntpdisegver-
inserts 33, in conjunction wth specialized w nding equi pnent, allow
the 15wire bunolding e pinding mérdtSa%Bdhrﬁagh%S@ioaﬁlaw ifgecveRmeidshRt  he
ri sk of damagi i ' -hj o H s

end-turns. Th eag?lggj t% trt%i‘rggg}tﬁ%?ﬁé v&oﬁg?rr%; ?S§8Hg$g%g hm%ﬂlﬁgen%ﬂ\}gjd#s?%? et
illustration, butheiimsidestidtnetyr, therdby ehminabeg the woating. and preps assemblsic Ahee
wound t hrough assenhl y. e. bundl es of.,20wi.r.e attagched to the,stator
termnals 9A a‘r"@dﬂ%éyeﬁtﬁ-ggf‘“§2“Jf"ﬂ°§1°0i“8[}ﬂaslpe%?}}?8 gf%cﬁ'%g %qmpc%eﬁgeapg“r?gﬁgenet
wire wfh a CO@Frb'BGndléé&B'Bg%ﬁll&i H6kndi the sirofifigteRChithout eRaisk dgdantdptyg the e
wound in the present assenbly thirty-four at a time, but thirty-four
i s not necessawireyoating fihis wanld minipezeithg lengl of#nddMAY- equi prent .

Magnet wire can reside in the stator slots 98 in a quantity directly

correspondi ng II'ﬁe (talgcﬁro\{r?algnue wi%inéshfﬁ zﬁ‘g E’llio%n ‘%r%ve%g forliﬁ'ustration, but in reality

could not be removed. They are machine wound through assembly. The bundles of

20 wire attached to the stator terminals 9A are made up of 34 individual conductors of
copper magnet wire with a coating, such as a polyimide dielectric coating. They are
wound in the present assembly thirty-four at a time, but thirty-four is not necessarily
a limit, with specialized winding equipment. Magnet wire can reside in the stator
slots 9B in a quantity directly corresponding to the volume of the stator slot 9B. In

25 the drawings the individual wires are not depicted. However, it should be
understood that this representation is of the area in the assembly that can be
occupied by magnet wire. Although a large quantity of wire in the stator slot 9B is
optimal, the “endturns” or resulting loops outside the stator slot 9B and any
conductors between the motor driver 2 and the wire internal to the stator slot 9B add

30 resistance and need to be kept short and/or cross-sectionally large for less resistance.

At the conclusion of the above over-molding and assembly operations, specifically

the over-molding and assembly of the plastic injection stator over-mold 32, the



25t he drawi ngs the individual wires are not depicted. However, it
shoul d be understood that this representation is of the area in the
assenbly that can be occupied by magnet wire. Al though a |arge
gquantity of wire in the stator slot 9B is_optimal, the "endtuns" or
resulting | oops outside the stator slot “and any conductors between
the notor driver 2 and the wire internal to the stator slot 98 add

30resi stance and .need to be k hort. and/ or cross-sectiopally | arge
For Tess resi P g imsettdyetmpfeh, T rhinBPd salpe Rl Foindthematnet 41

| am nat ed st at Rindmgs $6he entfe stadfl0 IePROMRE apdif & rebii@ialdpacPincichf
entire stator 9 is over-nolded again to reduce air space, increase

t her mo conduct theimocoadurtivity pedinereaseheanetic nierasiiastas depieted Heihe Endl§tatos

t he final stat%%n(ﬁﬁ ggrbly 35. 10. Rotor assenbly. The three rotor
magnet 10 asse €< *ar e over- ol ded and cl ocked at 20 degree
interval using the alignnment grooves machined into the rotor shaft. A

uni que feature of this design is the orientation of the cent magnet
Fig. 2, 25, 26 %Mﬁ;@ﬁhﬁ%@ﬁ@ﬁﬂ&rww i ?/SS‘E)‘f‘g]f%iaée eEay
exactly opposid1§ckef af JPddgRRtiMBFval Yhg thEbRninEHESbLVER niRRined ﬁltd‘%’é?&oi he

el ectrical symetry, and therefore, mninal length stator |eads
possi bl e. The dhbefteh naique éeatue efthis desigr tsitheorientation pbthe cedenmegngoligr3,t y

of the stator.,.JRhLs woul d..conpli cate t.he el.ectrical. Y,
mmnuf acturi ng 21 20 BSRHNATEE PR TR RebD s T bR s s PR bR TE IR
Wi t hi nigt he ci rahidritivg. THs BieontiveJedturd &lakey the slectvied] spmindad, dndtigerefar)
magnet assenbly, The 15magnets preferably are sanmarium cobalt. The

are ground on_mﬂ’éf“ﬂd?@lﬂ@atﬂf Ieads rossiblgs Theraligmativs tﬁdhlﬁﬁfaéﬂ‘?dﬁé“ﬂgﬁ"e ¢
bal ance and d'rgsmy OPik st%&?.%lﬁ&%ouﬁ*&@mgﬁéa% thB EREFRA Yayopt, AleABRLT
prior to assenbly. 11. Front notor cover. Made “of high

t enper at ur e t heanfpitastg of comporsentspaalrcatskt 1R@s elspoicalgesistance otithin hhaf t
seal 18, the transm ssion seal ..17, the s, .hbars .3 and 4, a | ps to
retain the rot%rrcuigsénct?f’ ginpefigr iy 8"?3‘%5@?%‘&8%&& Thmaeiet a5 ysjigl?eews.
12. Tog ot or @meuefs préeblytr@intasiimedobilt Mhey e piamiaaitheoutsile diamower

12 preferably is symetrical and can be nounted in the reverse
posi ti on wher eAfer mounting to ensure proper balance and dimensional accuracy. The rotor

assembly is balanced prior to assembly.

11. Front motor cover. Made of high temperature thermoplastic, this cover 11

20 supports the rotor shaft seal 18, the transmission seal 17, the bus bars 3 and 4, and

helps to retain the rotor assembly 10. It is fastened with 3 machine screws.

12. Top motor cover. Also high temperature thermo plastic, this cover 12
preferably is symmetrical and can be mounted in the reverse position where
25 applications require the bus bars 3 and 4 and/or communication cable or the access

port to exit from the rear of the motor.
13. Rear motor cover. Also high temperature thermo plastic, this cover 13 is
mounted with 3 machine screws and can also support the bus bars 3 and 4. The

30 motor will operate without it but is part of the hermetic enclosure.

14. Rear cover seal. The rear cover seal 14 may be made of a high temp injection



25applications require the bus bars 3 and 4 and/or conmmuni cation
cable or the access port to exit fromthe rear of the notor.

13. Rear notor cover. Also high tenperature thernoplastic, this cover
13 is mounted with 3 machi ne screws and can al so support the bus bars
3 and 4. The 30notor will operate without'it but is part of the
hermetic enclosure. - 7 - nolded rubber. Also seals bus bars or has
alternative pl , f nont r . I

i nter changeablégﬁg%glﬁg?rhé?sgﬁeé%)%%g‘{g%ﬁig‘s %ﬁeﬁ Ug%ﬁl S';lﬁlgr@?{n Péaand rear
15. Top cover &®atseallliemiwle deychangaable défendhig opexn ofithglbus Barp 3 and 4.

i njection nol ded 5rubber. Left, right and front to back all nmay be

i nterchangeable. 16. Front cover seal. The front cover seal 16 nmay

be made of a hj i i1 G [ . ; S
H_Jhl"g;tggﬁggﬂss?hl. E{tgb Odg?k:‘%‘gﬁ; ggm}’gfe a P RmPaAjectidURolaad

or has alternativ ar cover seal 14 may be
i nt er changeab| mbikeplkeft)iright and fmat to tatk alhmapbe ifderclangeabied 4. 10 17.
Transm ssion seal. The transm ssion seal 17 is a high tenp rubber
o-ring and seals the interfacing transm ssion fl uid. 18.

Rotor shaft sep .FrdftQoV@isedl, TREFbniSRUr séAl 188YayIR Madeiof B hightemp iijédtion
wearing, 15 spring I oade l[ip seal. It conpletes the hernetic

d
encl osur e whi | oldpdrubberoAlseiseals buscharssor e altespasivg plgsl Thetroat 1 henlagar o
roror o oS! bl PSR ek ANRALE Hebhaine thital 0P o305 i 34nd

comonioy used in injection nolds to 20nmake cool ant circul ate and cool

the Nousing. . 17, Jrapsmissiatiseal Theandnisfon seat 1 1 a Wknmp RubBePo-Hilg bl

cross-drilled
seals the interfacing transmission fluid.

18. Rotor shaft seal. The rotor shaft seal 18 may be a high temp, high wearing,

s spring loaded, lip seal. It completes the hermetic enclosure while the rotor shaft 10 is
stationary and not attached to the transmission and prevents transmission fluid from

entering the motor,

19. Coolant baffle. The coolant baffle 19 is commonly used in injection molds to

20 make coolant circulate and cool the housing.

20. 1/8 npt plug. This plug 20 is a plug for cross-drilled coolant holes.

21. Machine screws. The machine screws 21 are for retaining the motor covers.

25
22. Liner bushing. This machined liner bushing 22 component is installed with all
machine screws that fasten plastic covers to limit compression on the plastic and

prevent creep strain and cracking,

30 23. Module seal. The module seal 23 may be a high temp injection molded rubber.

The module seal 23 seals the module where it is placed over a cavity of coolant.



21. Machine screws. The machine screws 21 are for retaining the notor
covers. 25 22. Liner bushing. This machined |iner bushing 22
conponent is installed with all nmachine screws that fasten plastic
covers to limt conpression on the plastlc and prevent creep strain
and cracking. -8- 24. Pin header. These si x pi n header 24
conmponents each have five conductors that carry electrical signals

bet ween the ciycuyj.t, bqar 2. .The e expensi cahl es that
Boul' g ot hor i 4 ditheder. (heisitprngie 25 EanRIs epsfchava € copdgips that
detail ed vi ew @frylehetrRhiad QalsDefdn 'E}R:tcﬁ’ﬂbuxlgoa?@@ mﬁlﬁéﬂdc@%xpehﬁvé Bdles

upper left hand Corner are sectional views 26 of the rotor shaf
assenbly showithy V((Wéd@tbﬁmﬂwtwaﬂwalecbmwﬂsmbldf the rotor magnet
assenblies 25. Thus, it is understood that orientation of the center
magnets assenbly is exactly the opposite of the other two. This

al  ows sfor t heFig.esiga nigrodethited ienbf tht btator fadditatort 10 subasseinblies. hohde

as short as iopossi In the | ower d corper of Fig, 3
there is shovvr’r‘PPﬁ"e'eg hﬁt@ecoamsg@ ngtaomalr\ﬂ%%ima Be B glwsmwgﬁ@
respective houygafifk raddfpdiitRalor @hquﬁf' nﬁ%&i a%gmﬁﬂgw %ué lﬁs ﬁﬁ&@?éf@tﬂi that

fromthe | am nated stator assenb is viewto
15i | lustrate tdﬁ@nmbowﬁh@temmn@ets @ssembbrtlse:@Bthwwpp@mte of the other two.

approxi matel y .thr ti s.in.con t i,onal
roror o i o ik s R lente i Rl R e Bedia S B K o
housi ng that hassisler cooling vanes on |ts out si de surfaces. 20 Wile

this invention has been particularly shown and described with
references to exanple enmbodiments thereof, it will be understood by

those skilled %élﬂﬁgﬁﬁ&éhﬁiﬂho}%& Bflﬁ%mfﬁﬁ&ﬁﬁhdwrh Fh?'&ﬁ‘%egﬁlﬁs@'&étai | s may

be nmade therein wt eparting e scope o nventi on
enconpassed byastedlnd perededed framns respective housing, The plastic over-mold 32 and

wire are removed from the laminated stator assembly 34 in this view to better
15 illustrate the volume of the stator slots 9B which are approximately three times the

volume of stator slots in conventional motors.

Fig. 4 shows another embodiment of an electric motor with a housing that has air
cooling vanes on its outside surfaces.

20
While this invention has been particularly shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.



- 9 - CLAIMS 1. .A stator assenbly for an electric nmotor, conprising:
a cylindrical stator conprising a plurality of stator slots on an
interior periphery of the cylindrical stator; at |least one wire
wi nding that is wound around the plurality of stator slots; and

an over-nold configured to cover the wire winding and at | east a
portion of the cylindrical stator. 2. The stator assenbly of Caiml
wherein the over-nold is injection-nolded plastic. 3. The stator
assenbly of Claiml. further conprising wwnding inserts at ends of

the cylindrical stator; wherein the at | east one wire winding is
wound around the plurality of stator slots and the w nding inserts;
and further conprising an over-nolgg geMg i gured to cover the wire

wi nding and at |east a portion of cylindrical stator and at |east a
portion of the winding inserts. 4. The stator assenbly of Caim!]
wherein the over-nold includes |ocating features configured to

mai ntain radial orientation of the stators within the housing. 5. The
stator assenbly of Cdaiml. further conprising a coating over at

| east the statqr, sl of SabPAkeRb9ESGhS M b dbAgSsihgisi de stator

sl ot s.
a cylindrical stator comprising a plurality of stator slots on an interior

periphery of the cylindrical stator;

at least one wire winding that is wound around the plurality of stator
slots; and

an over-mold configured to cover the wire winding and at least a

portion of the cylindrical stator.

2. The stator assembly of Claim 1  wherein the over-mold is injection-molded
plastic.
3. The stator assembly of Claim 1. further comprising winding inserts at ends

of the cylindrical stator;

wherein the at least one wire winding is wound around the plurality
of stator slots and the winding inserts; and

further comprising an over-mold configured to cover the wire
winding and at least a portion of cylindrical stator and at least a portion of

the winding inserts.

4, The stator assembly of Claim 1 wherein the over-mold includes locating
features configured to maintain radial orientation of the stators within the

housing.

5. The stator assembly of Claim 1. further comprising a coating over at least

the stator slots that protects wire windings inside stator slots,



- 10 - 6. The stator assenbly of Claim1 conprises an over-nold of
the stator sections to protect wwire windings in stator slots. 7. The
stator assenbly of Caiml1l wherein the stator assenbly is a plurality
of stator assenblies being |ongitudinally;pffset fromeach other
along a comon central axis. 8. The stator assenbly of aim7
further conprising: a housing configured to support the cylindrical

stator; a rot og di SQHégtgtoy\”?stsathlo?%la%w aCIOh]%JMEF%fsaB% ‘lér'd%j& C1%ﬂﬁ:sftator

assenbl i es VEr ci'rcul

housi ng, the ert or Shchﬂﬁto@td’tédﬂhﬁre&ﬁtﬁih% SinREitdrRloge separate notor
drive phase nodul es, each notor drive phase nodule electrically
coupled to a respective one of the independent stator assenblies. 9.

A method of manuf aciys tg'tgr Asshid %%’f‘ C%ﬁq”mﬁéreuf%@gfa&o% a&%%nblgg[ ig p plurality of

provi ding a cyllndrlca stator conprising a uralitty o

on an interior perighier yssmﬁblidséemgﬂdngﬂudinaly csffsat Bom eachothetiahmeait

| east one wire around the al.ity of stator slots; and providing an
over-nmol d over the TP} “trapaé“% re winding and at |east a portion
of the cylindrical stator. 10. The method of manufacturing a stator
assenbly of Cdaim9 wherein the over-nold is injection-nol ded
plastic; and 8 Threstetphaspenably ¢f Glpimn’ cfmﬂtermm&:wpn ses

injection nol ding the o ndi,n | east the
portion of the cylindri cagq; uq?)ggglgfngutr&eto Sbgortth O A8 St

a rotor disposed within the plurality of cylindrical stator assemblies;
and

a motor driver circuit disposed within the housing, the motor driver
circuit comprising three separate motor drive phase modules, each motor
drive phase moedule electrically coupled to a respective one of the

independent stator assemblies.

9. A method of manufacturing a stator assembly, comprising:
providing a cylindrical stator comprising a plurality of stator slots on
an interior periphery of the cylindrical stator;
winding at least one wire around the plurality of stator slots; and
providing an over-mold over the at least one wire winding and at

least a portion of the cylindrical stator.

10. The method of manufacturing a stator assembly of Claim 9 wherein the
over-mold is injection-molded plastic; and
wherein providing an over-mold comprises injection-molding the
over-mold on the wire winding and at least the portion of the cylindrical

stator.

11. The method of manufacturing a stator assembly 10, further comprising snap-

fitting winding inserts onto ends of the cylindrical stator;



wherein winding the at | east one wire conprises winding the at |east
one wire around the plurality of stator slots and around the w nding
inserts; and wherei n providing the over-nold conprises
provi ding the over-nold $over the at IeasE one wire w nding and at

| east a portion of the cylindrical stator ﬁnd at |east a portion of
the wi nding inserts. 12. The nmethod of manufacturing a stator

assenbly of daim?9 furt I a coating to the
cylindrical stator prior Ereﬁ%ﬁﬁmgk}%&% %h%gol rgscf)mé’ﬁf—‘:es\/‘\’ﬁpémgi}f? at et
net hod of manuf act uohegiraamtiad the phasanbt statof siek ahdarbdndhe ehding inserts;
applying the coati ng conprises over-nolding the coating.
wherein providing the over-mold comprises providing the over-mold
5 over the at least one wire winding and at least a portion of the cylindrical

stator and at least a portion of the winding inserts.

12.  The method of manufacturing a stator assembly of Claim 9 further

comprising applying a coating to the cylindrical stator prior to winding the at

10 least one wire.

13. The method of manufacturing a stator assembly of Claim 12 wherein

applying the coating comprises over-molding the coating.



