OVER- MOLDED LI QUI D COOLED THREE- STACK MOTOR RELATED APPLI CATION(S) This
application clains the benefit of U S. Provisional Application No.

61/ 166, 4040 2bid/ade3on April 3, 2009, the entire contentsPOT/Us010/00H2E

i ncorporated by reference. SUMVARY OF THE | NVENTI ON The present invention
is a brushless, liquid cooled or air cooled direct current notor formnmed
froma three stack stator and three sectipn rotor assenbly using an

i ntegrated water cooled or air cool ed housing. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is an exploded perspective view of the conponents of the
notor, Fig. 2 shows nore detail of the conmponents of the stator. Fig. 3 is
an expl oded view showing the stator and rotor in nore detail with an air
cool ed housing. Fig. 4 is a perspective view of an air-cool ed casing of an
el ectric notor. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s application

i ncor por ates by ref & €BREMOLBEIPAIQUID ADLERITRREBGTAIAKMOTORG, fil ed My
7, 2007, entitled "Electric Machi ne Havi ng Segnented Stator"” and copendi ng
U S. Patent Application No. 11/800, 715, filed May 7, 2007, entitled
"Crinped Rot ORELATEMAPPESCATHOR(S)shl ess Direct Current Mtor" and

co- pendi ngU. S. Patent Application No. 11/827,830 filed July 13, 2007

entitled " Aut Dhitapplidatiof elaithothedrnéfitf dRS ArrysitlonalsA Sliation NoA6 /664010t | on
of exanpl e enbodi ments of the invention follows. s The conponents of the
not or shown i flediqg Anril 372609, she gtige canteqrigiofwhich aragnrorparaigddiciefasencdescr i bed
in nor.e detail. The nunbered paragraphs bel ow each describe a

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 rotor 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



conmponent that has a reference nunber as used in the figures, although
different reference nunbers are used to refer to the sanme conponents in

di fferentworawmgs1 0 1. Miin notor housing. This housi RETIGS20ma0e1006t of a
single bar of alum num 1, 37 as described,in nore detail below It can be
configured as either a water cooled housing 1 in which the housing is
ported to water cool the notor drivers, or it can be an air cool ed housing

CIAL theU@.%&ngg\pm%giggmg12&5’7,8% ﬁieraeJu&ﬁ?ngZO{)f elptﬂl}eldt“iAuu}ﬁat?c mai n

not or housing 1 Square se ar of alumnum To

install the stWh@roan Inbide Braghlés Suadr’y 005- 006" | arger than the housing
bore, the housing is heated to above 500 deg F. This expands the al um num

to a bore dianeter greater than the outside dianmeter of the stators 9 so

0 a bo et | reter |
005" Thi < piois PR s ERup MR of PE e R BIDBCT £ LT T i

appligation, the interference gives optimal heat transfer between the
conponents, and retains the stators 9 up to a tenperature that far exceeds
t he expected Thepempenents afthe metogshewmbinFigTheFigt 3tloe. bandFiget vilhRevers are

ground prior for .accuracy.and opti. heat, transfer J i ni ocess.
3 S Pnbse ottt deDeiR fioa Bl s bt R fpb bt Sadt i

addi tional mo@thfsnchPthaPhasreRréitd nbmbbieds \Reirehs Sighies] dithougiediffesat f or
description purposes. They are sonetinmes called drivers but, wthout the

digital si gnarefgrencropmarers @sRpedioaeier © thesame componeatsip défferenfrdrywings-Ther e
are five junpers 2A com ng fromeach nodul e. Since two are connected, they
are cBnsidered four conductors. Wien O viewing Fig 1. phase nodule 2, from

"back” to "fr@niMaih BR¥orHRsinAL ThRhoASInE N hedeSsut RS isiniglecbar oF aludiindead37 " y”
st ar

connection ( aka "star” connection), and negative. In the Fig. 1 motor, the
drivers are dis desctibediatreoredewildglon.tihcandwsicanfigyred as either gayatereopledhousi ng.

Aseal 15 s provhdPth LRicR R RMsingI9bSMa bSAA%R0l Ak ndi GRPNBPR cHRGY! ©5 2

an air cooled housing 37. It is the frame on which the rest of the motor is built. The

15 main motor housing 1 may be made of a 4" square section bar of aluminum. To
install the stators 9, that are 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



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
conduct orwofR2auimge3down are sol dered to the stator term RETASAN00e1006v. 3.
Bus bar. Sonetimes called notor |eads, thgse two bus bars 3 distribute
power to the three phase nodules. 4. "Y" connection bus bar. This bus bar 4
coRnects one termnal of the three stators together. Wen drawn in
schematic, th kI cui I vy RV j t.
These hi gh t oBEIE el EESTOHEES ertien: SholBitTeabil, AM KM ARATRLS, .

i nduced from hie@hseftibily idepeed. TR ovhdsrs 28, (akakaldgjurhpash fadingap akd gh
tenperature plastic | oons 6 support the three bus bars 3, 4 and _the DSP
board 7. The Brlderpdtosthg bugbaind (Hlermpeateads) asddhe 1yntbar f Hred W ondugtors

fasteners. The | 0o are fif iin jn the main housing 1,
37 just pri or?%cglgbt?év%%{gs?lgérteglt? g‘iei%gagérq%ﬁaelgg%@ee lEIOQ‘JVT asteners. The top
cover sretains themwhen installed 7. DSP board. Sonetines called the driver
board but technically, the board on toEﬁagf t he phase nodul e is the driver
board. This D$PBusheai Soracsimsealied metor kreds thesadwo bsibared distabutneowsy fo
commut at or 8 ﬁl}eﬁfé}éarﬁ%gés%ar}xﬁ{ﬂespsp stands for digital signal processor. This

m cr o- process programed to nodify, limt, or maxim ze the notor
performance. 8. Hall comrutator cordset. This assenbly 8 conprises the
three hall sensors, the hall interconnect circuit board, a_ribbon cable,

and a hard ruBb&Y" cemnectiembuys bhas. Thisrhug barrbeammerts opg tegminahpetheitiyge patoas ng
process cal |l ed aver -wl di ng. qr _j . l.di.ng. i sor nounting
technloque vvasgo&gt&gf'()‘gg%]1 rgg'ne"égée}{%grﬁhfg’it%fﬂ%ds}ggﬂg ff/l,?eaf)rot ection of the
sensors and circuit, and accuracy of locating the sensors. This

5. Bus bar antivibration mount. These high temperature rubber bushings 5 dampen

vibrations in the bus bars induced from high motor speed harmonics.

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



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

I s al sopossi ble but not preferred due to risk associated with harnonic

not or vi BWeRpwili#e1t hi s assenbly. 9. Over-nol ded st at or PORAS20107HW26t at or 9
is typically an array of electromagnets wyndings that are sequentially
activated and polarized to induce axial torque on the rotor. By sw tching
the el ectronagnets w ndi ngs on and off and al so changing the polarity of

por manent  magRBRLTY b oy B RIR bR b BRteR 5 hdraBh AR R R hn s RE

phenonena whegs gsémbBl € bar nagnet's north and south poles are attracted
to opposite poles and repel poles of the sane polarity. Hence the term

"opposites attract™. In this three stack notor, unlike nmultiple phase or
mul tiple polegstators I f .t he e . ] 'Qgﬁ i st at or
9 are active gt velhnbid Skatgr .h 'i@easgééﬁgfsagﬁ%mgé a |eg%%t’%§ﬁ‘ g%agt ack of

silicagn iron Wiﬂiin% thét‘are botRetidIgi degvated id soliti£ed t@ inddde btiaPoffuedh thdie
magnet wire fromsharp corners, a coating of parylene for insulation from
surroundi ng neater. Byrsxatchbingtthe eleetromaenets vandings o anthelfand glse ghangingthgund| es

to the phase nmpdul e nduct Qr s nd. bundl f v I t W
conductors 36p8ﬁ8lya?ﬁgswg%§1°£%ﬁ%éﬁg§?8ﬁ# eﬁi‘%ﬁdﬁg?r%é}%rite r&?gafl%‘é) \éﬂ&efe

rei nforced thefesRphasdn faghéts (DViaFigD) f & rotor 00Ms isbasédlon thei s " r enpved”
for illustration purposes, but in reality cannot be renoved. It is injected

nol ded t hr ougitherioaens séhetst 3 simphe baranagnglss northtanid soetharoleywreiatgacted fere are
| ocating features

and-cupl e naneatie Pafls anbrbel By Gibe o PO HehotThe RrhOBabster 21°
al so has pin fa&?a%t”.rEﬁthis't}ire%@ﬁc]émdtdfr,ehﬁ{lil&\/rﬁtﬁltipteﬁﬂlbsd&ﬁnﬁﬂﬁb&rpoﬂ@ﬁﬁ@f@mﬂ"e

allows the housing to release the stators and/or torque exceeds conceivabl e
| evel s, these of twtelectromaghdts windingsi of argivkinatator 9 atetagtivest the samtimeallys s 9
until those C%Qs%imtbil)p Qosmprises a laminated 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



subsi de. The main purpose of the pin features is to accurately align the
stators during the shrink fit operation. This over-nol ded plastic, as
opposed twowarmiigésion the magnet wire, efficiently condeCrash@aindioahi ch in
turn raises resistance, away fromthe stator 9 and the el ectromagnet

wi ndi ngs. The stators 9 preferably are lined up straight, e.g., with no
radi al offset, for ease of manufacturing, electrical

symet ryconsi derati ons, .and_ease of senbly. There are two winding inserts
33 press-fit F?ﬂsb&efa(r)%lémg?na&g Bt° ?sfﬁagsegfbeafior | am nation stack 34 pri orgto t he
wi nding of the stator 9. The winding inserts 33 are injected nolded and are
preferably made of high temperature glass reinforce thernoplastic. The

pur pose of t h&heferak trep Winsing insas 33press-fPrinfodhe endsof thetatpolamupationafashi ngs

36 during the,w ndi I OCESS nd, tQ Lntaip th htion.

ol cct r omagnet WPt RaBEYERGREof ARl o 3 rSuBpdinb eSS RieBleg maidsd o

embodignent ,  aag@@kipiéleraBlydmadPSHifiefetpetdnire gldfss aifforRaAhérendphstist Theor 9 to
protect the electromagnetic wires inside the stator slots 9B. In another

enbodi nent, t perposoektbe winding isembd Hisrig prasest thecadegtromagnehmeingings B o uiing
wi ndi ng inserts 33 through the stator. slots. 9B in, an over-nol uld
better prot ec.%het‘ﬁ‘é’d%ﬁ)ﬁ% swapgéo H]GH%HB ROSIYRY °£§le§{}?‘¥‘a%“’6?”?%°g“és%‘é"é‘
netal on the ypgideoriranBIled. , IntthRpeérred éfbaBineny acbRing0ak, parykei@d fimess
assenbly. The winding inserts 33, in conjunction with specialized w nding
equi prent , al lisoapplibeé torhe etabarPdo esotee theelpefrdreagnatiowirds insidesdhastater slpliger s

w t hout the rigk . of magi.ng,.t h i re coatd ng. Thi.s u 1..m t he

| engt ¥ of end-géurlﬂgr.l& e%?@é’??%nﬁﬁﬁé‘fce\s/ﬁ #&vﬁggao%n%%uisdﬂc&ﬁ\nﬁysggﬁ%ged.. f or
illustration, nm&in%_'iher WitdigYinéeid|3d thidtiglb the'seiidrwdsts 9OBNE ¥n ave-fvldhhate wound
t hrough assenbly. The bundl'es of wire attached to the stator termnals 9A

are made up ofwodld better piatiers thecaoppercvisessiusing sipdiag biripietofiorexpogedpnegal
coating, such as, a palyimde dielectri.c.coating,. The re it he
present asserrt?f‘;s}het Wgﬁaf’él%%‘?r’ gxtere yteilﬂlér}at'ﬂﬁghet bt F’P%fl?%ﬁr % %S\%r)lrg@g'hg@ Essarily
winding inserts 33, in conjunction with specialized winding equipment, allow the
15 wire bundles to be pulled around the stator fingers without the risk of damaging the

wire coating. This would minimize the length of end-turns.

The electromagnet windings 36 are shown “removed” for illustration, 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



alimt, with specialized w nding equi pnent. Magnet wre can reside in the
stator slots 9B in a quantity directly corresponding to the volune of the
stat or sIwWO20B/114631t he drawi ngs the individual wres ar@ChaiS2alepiwveed.
However, it should be understood that thig representation is of the area in
the assenbly that can be occupied by magnet wire. Although a |arge quantity
of wire in the stator slot 9B is optinmal, the "endturns" or resulting | oops
outside the s E n Lyer 2
and the wire e bt g% 3e SARGHEN Yator SSIRL 3, MR TRE SheBE W,
kept short andimdingsr36stheentid satar 9 s dver-gwldedraghias redese air3pace, indieagene

concl usi on of the above over-nolding and assenbly operatjons, specifically
the over - ol dihegnarendust ipand laﬁre@w%eﬁnatsq PrepeTHpRes depirted inthe findlestatorp) d 32,
t hewi ndi ng in§s§ér§1b v365r-rml d 33, the lam nated stator assenbly 34, and the
magnet wire win |n§'s 36, the entire stator 9 is over-nolded again to reduce
air space, increase therno conductivity and increase hernetic properties as
depicted in the final stator assenmbly 35. 10. Rotor, assenbly. The three
rotor nmagnet 10 BRetorassembly. abhe thigerotepmaseet 4 A@swmbdies areqvepmoliegrasd

i nt | . ; ' i - . fr. A
uni que. f eat ur Qo8 AP0 YRR e AURE AP Al Gt PR BEE IS IR Ko i
2, 25, 26 assgiift. A unlfe femanedf thisdesigh isttie ofierithtich efxheodtet rhagnexpigt 2.y

opposite of the other two. This inventive feature nakes the electrical
symetry, and2$.Rérassesmtly. Thetnagnetic pplgrity eftthisgssemblvis gxaethy epnositerpfthe

2l terjat] ve t grthik RERGhY vk Tedls HEVE! B8 LR PRl Spaitselet o Thi s

woul d‘oconpl i Cg&hgr e electrical asse uring o

conponents, affniGAlEAgMtRoclesdstpossible. TRSAlEnadtve toHidpractideds ¢ feverise the. A
cooling inpeller is over-nolded into each magnet assenbly. The magnets
preferably ar polgrtysafithestatopaihis wyndromplicae Sierlectiical iyost agseadldi anet er .

After mounti ngma%gfagtrﬁ%lrjxé of B (?nreng%r? ga%sea%gredélg@}?&il (t)&ﬂtan%g GHIHRAE the The rotor
circuitry. A cooling impeller is over-molded into each magnet assembly. The
15 magnets preferably are samarium cobalt. They are ground on the outside diameter.
After 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




assenbly is balanced prior to assenbly. 11. Front notor cover. Made of high
tenperature thernoplastic, this cover 11 supports the rotor shaft seal 18,
t he transwDg8loon4seal 17, the bus bars 3 and 4, and hel pPETUS2¢1€/001026 t he
rotor assenbly 10. It is fastened with 3_#achine screws. 12. Top notor
cover. Also high tenperature therno plastic, this cover 12 preferably is
symmetrical and can be nounted in the reverse position where applications
require the b I s port
o oxi t 1rom HRARALEberoRy SeDbar RN GAM LIRS The Honf ¥ ufticR®

t enper at ur e t b@rervead Ilaaiaycbe ihfetchafgeable dbgeridingmniatieo!f the bhs Barsra@hd Ae SCrews
and can al so support the bus bars 3 and 4. The notor will operate w thout
it but is part of the hernetic enclosure. 14. Rear cover seal. The rear

cover seal 14,gm ' ' so seals
bus bars or hés a@?@pﬁggé%e&h€c@(%0?ﬁg n%?ﬁ%hg#@Q% ?mégggﬁhg%f$ may
be i ntser changambee [apasidiang font Rback afl rﬁdye)ebu@rdhan@ameand 4. 15. Top cover
seal. The top cover seal 15 may be a high tenp injection nolded rubber.
Left, right and front to back all may be interchangeable. 16. Front cover

seal . The frorl'% ﬁt%‘ﬁ%o&e??éal 18y Xntbc%vgigsg fgm%g gﬁd&% lélx]rtgr%b r%gctm?ll ded

rubber. Al so sS€atrs bus pars or as al 1ve p ugs. and rear

cover seal l4muvkdediebbent K16 Rengbaibaes cicae atematiwple 'trheffrohhes tmmrebxars 3
and 4. 17. Transm ssion seal . The transm ssion seal 17 is a hig

enp
rubber o-ri ngceiedseda snayrhe interdhengeableglependingpr exibef the Gugbars 8. anﬁé}t or shaft
seal . The rotor shaft seal 18 may be a high tenp, high wearing, spring
Ioade3 lip seal. It conpletes the hernetic enclosure while the rotor shaft
10 is stationayyTamemieionatiladihe drahemistion b¢ahnB i Shigh Herap ubbecy-@ing and

transmssion flurd fromentering the nmotor.
seals the interfacing transmission fluid.

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

15 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.



19. Cool ant baffle. The coolant baffle 19 is commonly used in injection
nol ds to nake cool ant circul ate and cool the housing. 20. 1/8 npt plug.
Thi s pl ugweQoiogiige3pl ug for cross-drilled cool ant hol es. PRTAIS2NR6Mi0R€
screws. The nachine screws 2 1 are for refaining the notor covers. 22.

Li ner bushing. This machined |iner bushing 22 conponent is installed with
all machine screws that fasten plastic covers to limt conpression on the

pl astic and vign ee trai i 3 I dul e
AR e S N e o I
seal s the nDdgHnE eMgri€al kignals bbivaes thediRiit dogrdy Rt Yheyf re?l@@é affendide cabiley
header. These six pin header 24 conponents each have five conductors that

carry el ectrithal weuld otheswise clubientheigeectipric @sserbbar ds 2. They repl ace
expensi ve cabl es that would otherwi se clutter the electronic assenbly. Fig.
3is anore detailed view of the stator 9 and rotor 10 sub-assenblies. In

the upper | efFighainth @efdwtaiRd&i&R6f theRatorY #id50P 10kub-assemdliey. ahRd t
assenbly showing the relative radial position of the rotor magnet

assenbl i es 25uppehledt hand cpmep ageseetianehviews 26 of thermoter shaft assembly shewingithe

The Toads 1r omating TaiEpiba P RsaRE MebFebetlied oy ambd T ahgsfod i 1!

possi ble. In §hetdtionar thid @ter hiiadets asseriblyol ekhdly tBe bpisie bSthelvtve tvbe three
phase stator assenbly 9 as renoved fromits respective housing. The plastic

over-nol d 32 Bhid allpwefarthe leadfolyerd the enmtroHer megiile b g statartto be asgwmisy 34 in
this viewto betiltb r illustrate the volune of the stator slots 9B which are
appro'ﬁi mat el ypqsrg gee times the volume of stator slots in conventional

nmotors. Fig. 4 shows anot her enbodi nent of an electric notor with a housing

that has air cooling vanes on its outside surfaces.
In the lower right hand corner of Fig. 3 there is shown the three phase stator

assembly 9 as removed from its 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.



VWhile this invention has been particularly shown and described with
references to exanpl e enbodi nents thereof, it will be understood by those
skil | ed iwot2h®/1d#431t hat vari ous changes in form and det Crasaey/ob®2érade
therein wi thout departing fromthe scope of the invention enconpassed by

t he appended clains. CLAIMS What is clained is: 1. A direct current electric
not or conprising: a housing; three electrically and nechanically

i ndependent stator sections al so dispo %‘ id hin the housing, and

i ndependently connected to the notor drive phase nodules so as to be
sequentially activated by the controller circuitry; a three stage rotor
assenbl y havigﬁ@ﬁgﬁinter.notor el ement and two end rotor elenents, the
center rotor mﬁﬁef%g a magnetic orientation that is in opposite
phase fromthe nmagnetic orientation of the end rotor elenents; and a notor

driver circui, di spairdt duMepBElattridinidiot dotnpgRit: Ny, the nmotor driver circuit
conprising three separate notor drive phase nodul es, each notor drive phase

modul e el ectrically coupheesingy a respective one of the independent stator
sections. 2. The direct current. ect.ri c, not of, C ai wherei n each of
the three electrically tier %%ﬂﬁaﬁiycagflIWGCPME%{QHBQTHG“@?@ISE?l‘orssg%t{qnéﬁgo
i ncludes a over nol @i-spo%_edmﬁxi@tHe%hsiﬁg',rahg('ij'ﬁde?bﬁdéhflyerm%_bl_%ﬁ tgiheq\ét'offﬂﬁve

e

wherein the over-nold is injection-nold plastic: irect current

electric notor of phasemculdsse es o Easchuaitiatljectivataeyethe contraller ciycwtry,
mechani cally T ndependent ot Al ol e Sfk assibly BSVills 5 Senter 1otor Lement and two
end rotor elements, the center rotor element having a magnetic orientation
10 that is in opposite phase from the magnetic orientation of the end rotor
elements; and
a motor driver circuit disposed integral with the housing, the motor
driver circuit comprising three separate motor drive phase modules, each
motor drive phase module electrically coupled to a respective one of the

15 independent stator sections.

2. The direct current electric motor of Claim 1 wherein each of the three
electrically and mechanically independent stator sections includes a over-
mold.

20
3. The direct current electric motor of Claim 2 wherein the over-mold is

injection-molded plastic.

4, The direct current electric motor of Claim 2 wherein each of the three
25 electrically and mechanically independent stator sections includes winding
inserts at ends of the stator sections; and
wherein the over-mold covers the winding inserts and wire windings

over the winding inserts and in stator slots.



inserts at ends of the stator sections; and wherein the over-nold covers
the winding inserts and wire wi ndings over the winding inserts and in
stator slwO=208/11963¢ di rect current electric notor of C acEuB2eer®Re each
over-nol d includes |ocating features conffdgur ed to maintain radi al
orientation of the stators within the housing. 6. The direct current
electric notor of Claim1 wherein each of the three electrically and
mechani cal ly i ndep ctio S, a _coat r, the stator

that protects wir eﬂ?ﬁﬁ%ﬁ%@%ﬁgqlf&f %’P’QR’&O% @ﬁ’d’?’? bere*Pheémei P?gc'f’ OBur r ent

el ectric motor of ElRides ioc‘éﬁﬁ‘g R!aﬂlr@aaébhﬁgﬁrea?&nﬁaﬂftﬁﬁrzﬁhﬁ%{ehﬁﬁbﬁth fhad
mechani cal | y i ndependent stator sections includes an overnold of the stator

sections to prot ecstatirs withinttie hgesings stator slots. 8. The direct current
el ectric motor of Claim1 further conprising a digital signal processor
di sposed within the housing. 9. The direct current electric notor of Claim

8 whersei n thegdi gi trak dfb@tatreR PEBISRAGLIr F @'la‘iﬂols\%ﬂeﬁéﬂl @ack bf fhdithreBoar d
within the housing in close proximty to the notor driver circuit; and

wherei n each of t helecmceléy ambmcdtaealqaﬂy ondeperident gitassectioniincludésa coatmg
electrically coupled or, on he circuit board

1t
by pin headers. ﬁ‘ﬁg tr%églag {??‘?cé%‘f"ggl‘”é’&‘f{r)gsg’%ﬁa? Btrato&s %8 ai m 9 wherein

the digital signal processor is programable to control power signals to
each of the three separate notor drive phase nodules. 11. The direct
current el ecti ¢ nmihediredt Oﬁt“railtmldctrﬁmnmmpfé‘dnimrli whcrginaﬁaclheﬁéletmm bus bar
confi%uredto distr bute r tothﬁ dse arate tor drive
ectrlcally mechanica y1n epen ent stator sections includes an over-

mold of the stator sections to protect wire windings in stator slots.

8. The direct current electric motor of Claim 1 further comprising a digital

signal processor disposed within the housing.

9. The direct current electric motor of Claim 8 wherein the digital signal
processor is disposed on a circuit board within the housing in close proximity
to the motor driver circuit; and

wherein each of the three separate motor drive phase modules is
20 electrically coupled to the digital signal processor on the circuit board by pin

headers.

10.  The direct current electric motor of Claim 9 wherein the digital signal
processor is programmable to control power signals to each of the three

25 separate motor drive phase modules.

11.  The direct current electric motor of Claim 1 further comprising at least one
bus bar configured to distribute power to the three separate motor drive
phase modules.

30



phase nodul es. 12. The direct current electric notor of Claim1 wherein the
housing includes air cooling fins. 13. The direct current electric notor of
Claim1 wwereioisdse housi ng i ncl udes a ported jacket comrCirgise@d/ovm26
circulate a coolant through the notor. 145, A stator assenbly for an
electric notor, conprising: a cylindrical stator conmprising a plurality of
stator slots on an interior periphery of the cylindrical stator; at |east

one wire w ndijgg t i e ural i of .stator slots: .and an
over - nol d confllagur Igg'tetdél%%t\(l)@g& g& %écqt{\ngg@%%g!llﬂbn Ja?nvhxrzf n ﬁhgilgpsuég B‘(‘}B{dle%ﬁ" of
the cylindrical stabekingfiss. The stator assenbly of C aim 14 wherein the
over-nold is injection-nolded plastic. 16. The stator assenbly of Claim 14
further conprising winding inserts at ends of the cylindrical stator;

wherein the at;,l ea ne wire wndi.ng i s nd around th l.ural ty of
stator slots and t?\[té’e\?\inlr%&t! W %es}g%flg; Oéq{d)\%%?lphg?”?’sr&% eg’loﬁﬂn%wch\fléWm d
confi gured to coverpottb®jackéteonfifeted h cirtiladd a b&sat tRroBSh tHeQRotef. Ccyl indri cal
stator and at |east a portion of the winding inserts. 17. The stator

assenbly of C aim 14 wherein the over-nold includes |ocating features
housi ng. 16, 1o srheee BSBhbrlr 8F il bRPRUPECompr | sing a coati ng
over at |east a cylindrical stator comprising a plurality of stator slots on an interior
periphery of the cylindrical stator; |
10 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.

15 15.  The stator assembly of Claim 14 wherein the over-mold is injection-molded

plastic.

16.  The stator assembly of Claim 14 further comprising winding inserts at ends
of the cylindrical stator;
20 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.
25
17.  The stator assembly of Claim 14 wherein the over-mold includes locating
features configured to maintain radial orientation of the stators within the

housing.

30 18.  The stator assembly of Claim 14 further comprising a coating over at least

the stator slots that protects wire windings inside stator slots.



the stator slots that protects wire windings inside stator slots.19. The
stator assenbly of Claim 14 conprises an over-nold of the stator sections
t o protecwownrogiyédmdi ngs in stator slots. 20. The stat oPCagiseetoioyiooé C ai m
14 wherein the stator assenbly is a plurajjty of stator assemblies being

| ongi tudinally offset fromeach other along a common central axis. 21. The
stator assenbly of Claim20 further conprising: a housing configured to

cupport e cybl el oo, B RS ShARRRSe i BEREeR, Y, o

cylindrical stator asSe

%d within

t he housing, the neédbibnglfol préfectwvire Wildig@Rkiatdriztbté. hr ee separate notor drive
phase nodul es, each notor drive phase nodule electrically coupled to a

respective one of the independent stator assenblies.

22. A nethod of

conpr i si ng. - Bur atte 5By 3Eeawt ofBRE 3 e F RS e i ol g "
cylindrical stator stawr@sienhliad béif@FngRiEniMy SRt fufckachethet bloagkt y of

stator slots; and providing an over-nold over the at

| east one w re w nding

and at |east a por eommopfcentrid agigl i ndri cal stator. 23. The nethod of
manuf acturing a stator assenbly of Claim22 wherein the over-nold is
i njection-nolded plastic; and wherein providing an over-nold conprises

i nj ection-nol ding The saweassEriblly ONClalif 20ifikhepicofbAgingnd at | east the

portion of the cylindrical stator.

a housing configured to support the cylindrical stator;

10 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 module electrically coupled to a respective one of the

15 independent stator assemblies.

22. 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;

20 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.

23.  The method of manufacturing a stator assembly of Claim 22 wherein the

25 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.

30 24.  The method of manufacturing a stator assembly 23, further comprising snap-

fitting winding inserts onto ends of the cylindrical stator;



24. The nethod of manufacturing a stator assenbly 23, further conprising
snapfitting winding inserts onto ends of the cylindrical stator;wherein

wi ndi ng twe 2ato/11e@3t one wire conprises wi nding the at IpeaaiS2a0001026 €
around the plurality of stator slots and around the w nding inserts; and
wherein providing the over-nold conprises providing the over-nold over the
at least one wire winding and at |least a portion of the cylindrical stator
and at | east a portion Qf, the w

1di ipserts. .25. The net hod of
manuf acturing a stator é’l@?&%‘%?"f@?g @95} [%‘uaéf"f’W{%cé’fnpm%wr@i‘?ﬁg&ﬁﬁbﬁeﬁtpg a
coating to the cyl biéwireakouwmdah@plurilitPsf §teork10diang afdufid Me W%ﬁfﬂ}iﬁi@t_s}"‘ re.
26. The nethod of manufacturing a stator assenbly of O aim 25 erein

appl yi ng the coati A8d conpri ses over-nol ding the coati ng.
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.

25.  The method of manufacturing a stator assembly of Claim 22 further
comprising applying a coating to the cylindrical stator prior to winding the at

10 least one wire.

26.  The method of manufacturing a stator assembly of Claim 25 wherein

applying the coating comprises over-molding the coating.



