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COOLED THREE- STACK MOTOR RELATED APPLI CATI ON(S) This application
clains the benefit of U S. Provisional Application No. 61/166, 401,
filed on AWRI2P1081463D09, the entire contents of which aP@Tﬂﬁ€BWHBﬁ§ted
by reference. SUWMARY OF THE | NVENTI ON The present invention is a
brushl ess, liquid cooled or air cooled direct current notor forned
froma three stack stator and three sectilon rotor assenbly using an

i ntegrated 10water cooled or air cool ed housi ng. 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 expl oded view show ng the stator and
rotor in nore detail with an air cooled housing. Fig. 4 is a

per spective view of § R ﬁ@ﬁ# f TA |
20DETAI LED DESCRI PTI gy% ﬁl@é@?ﬁ %%ﬁggﬁlﬁﬁccéat [ glr?m???g? por at es
by reference U S. Patent Application No. 11/800, 716, fil ed May 7,

2007, entitl edpEE®Y ApMegfoR($javi ng Segnented Stator” and
co- pendl ng U S. Patent Applicati on No. 11/800, 715, filed May 7, 2007,

entitled "Cri ”Wﬁﬁ {@fiod QhinAMhEbREhH df . SrissNbiesat A ?Bﬁ@éﬁbnw 61%‘66 401,
Mbtor” and co-pending WO 2010/ 114631PCI/ US2010/ 00

Pat ent Appl i caﬁledmnMcpnl 312@97thg satire icorgentgefl whidlgare dgorposated by x@ﬂerence
" Aut OI’IBS'[I ¢ W nder for an I nside Brushless Stator".

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 rofer’ 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 eachW@edt¥ilke1a conponent that has a reference nieBas268/0Us%d
in the figures, although different referegnce nunbers are used to
refer to the sanme conponents in different drawi ngs. 10 1. Miin notor
housi ng, This housing is made out of a single bar of alumnum11, 37

as described iy, Waf%nﬂ&michn&ﬁh@vvl/slzv 880 1R TuAR] 2@ Rtk A Ridrigic @
wat er cool ed housing 1 in which the housing i$ ported to water cool

the notor dri v&lsdenf@rantln%émBméhlassSéawr cool ed housing 37. It is the
frame on which the rest of the notor is built. The 15mai n notor
housing 1 may be made of a 4" square section bar of alum num To
install the sta dsaifionbfetanleeminidimaédtyofGbSindionlfalioyer t han the
housi ng bore, the housing is heated to above 500 deg F. This expands
the aluhinumto a bore dianeter greater than the outside dianeter of

the stators 9 %ﬂewﬂﬁorkht%f%%&@rsw@ﬁﬁmgw MEePngO@laﬁaiFlgt henigendw an

interference fit of .005". This process iS sonetines referred to as
20" shrink fit" cadhrbetdescsibapin mewmtdesil, Thheunbared paszesanbe befoveachoissrrihgla

a tenperatur ¢ CRAPoTal ae S HRCERE DypB R B kiR, BEhE pteet? 1O

assenbly. The séfafefte muiteidee dseamateﬁdrso fhe 8argé Canmsbnpts oy differentadrawinge y
and optimal heat transfer in this unique process. 252. Phase nodul e.
This mo#lule 2 is for phase A, and there are two additional nodul es

for phase B anGI %Hﬂ{ot&rh%uﬁ eﬂflg ﬁddéﬁﬁ glidandd &@bf&ﬂﬁ%gﬁwﬂa&&m@tﬂnl 37

purposes. They a rrvers out the digital
si gnal processas d¢6hyd 1b®mrdd@tall below sit eam bervooﬁmrect @ cithenaeyateriugeled ar e

they hre consi depate | BurhESHEREPHTES Aot BB chiaApScF GROGE LE L an be
nmodul e 2, fromanhackoled Bousing®Tt It is ﬁheﬁambenlv&ibcéﬂthdrea&ffthd Ihotwms built. The

positive, stator lead, "y" connection (. aka "star" nnection
negativié. In tH@a‘FP@tqrhﬁM”Eﬁlm}ﬁgeﬂ}aﬁ@%ﬁ'@ Baraﬁ?cse?gvﬁ,af '%"6 °ed

‘_’Vi th cool ant frigef fig sfRird'o, T @fe actlldl 200520061 4G e kel thERUL B ARADER - 3

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



housi’ng. A seal 15 is provided to prevent cool ant | eakage. Al three
phase nodul es 2 are essentially identical. The conductors 2A (aka

| eads, junpers) facing up are soldered to the bus bars 3 (aka notor

| eads) andWon810/pa63bar 4. The two conductors faci ng domeTAIS2018/60168r ed
to the stator termnals 9A below. 3. Bus.bar. Sonetines called notor

| eads, these two bus bars 3 distribute power to the three phase

nodul es. 4, "Y" connection bus bar. This bus bar 4 connects
one ternmnal ohodshfy AReaasss ﬁwirdéd toprogat &b@ram Mlieige. O 1RiMReel phase modules 2
schematic, the circuit |ooks like a "y’ Bus bar antijvibration

mount. These higtesseatiglbridenical M%@ﬂu%wg ﬁAr{glsa Isadgelipeers) 2B P 8is i n
the bus bars ig H@@&’mﬁé’ aﬂhi@?% Pe%ggag&{ﬂéﬂ b 6 4 SrwoRR R
uppor us

| oom These hig errpera Ur e e three

bars 3,4 and tlﬁwr@ﬁammdal&eredrﬂoehmmmms 94 belod. DSP board 7 snap
into place without fasteners. The loons are fit in a contoured pocket
in the trmin housing 1, 37 just prior to bus bar installation, There

are no fastenensp,{pg. %Reﬁ&%@éall@@%k&%aﬁ?%st%ﬁis@;l dlﬁﬂbﬁ@ggwer%la
board. Sometines called the driver board but technicall y, the board

on top of the ;ﬂmb@enb@gm@dubsme driver board. This DSP board 7
connects the three phase nodul es and the hall commutator 8

el ectronically. DSP stands for digital signal processor. This

m cr o- pr ocesson. ¢¥h chmeptiondiua bae d'hicbusbai 4 yonnkdtsrone, temrinateX iheitlree fatotse

notor performance, 8, Hal| commuiator cordset s assenbly
8. conpr'f ses thé°¥ﬂWééVm4ra%%H%£§“ach eﬁ‘éwltlf’?ﬁsg fE8nRect circuit

board, a ribbon cable, and a hard rubber shell that is for med around

it in an injection nolding process called over-noldin insert

mol di ng. 30Thi $. m&mm%mth st ghniesParsies BIY %rh‘\lél?m&Sa%‘éaﬁam

final assenbly, .prot ect i accur acy
v1b3%th0§18 fiL hg$H$2ar£a ggu%g%%ﬁ H\% otls %&H 'hErrnﬁlﬂg

of locating th 'y 1's catI ng and fastened
with one screw. A snap-in assenbly is also WO

2010/ 114631PCT/ 1JS2010/ 001026 - possi bl.e byt n ref

ri sk as'$oci at ed m@&sﬁmﬁem?‘ﬁm?lﬁ?&??“?ﬁ %‘% eguﬁ"‘“s

3, 4 and the DSP board 7. The bus bars 3, 4 and DSP board 7 snap xnto 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 .b 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



‘9. Over-nol ded stator phase. The stator 9 is typically an array of
el ectromagnets 5w ndi ngs that are sequentially activated and

pol arized to induce axial torque on the rotor. By swtching the

el ect r omagW&x¥10Aiim@it ngs on and of f and al so changi ng t RETIBRAPPYN260f
the magnetic field, the electromagnets w adi ngs either enbrace or
repel the permanent nmagnets (25 in Fig. 3) of the rotor 10. This is
based on the phenonena where a sinple bar magnet's north and south
poles are attr §8§sﬂﬁe b nbPRBRATA ke BUsR BssBeitted }RB halin®Sm6ror ViBRtiSR e
polarity. Hence the term™opposites attract”. In this three stack
nmot or, unlike hifasspmblyphase or nultiple pole stators, all of the

el ectromagnets wi ndings of a given stator 9 are active at the sane
time. This assenbly conprises a |am nated stack of silicon iron Fig.
2, 34, two wi nd®i yet-Anidet Stafor phasé, TBSstator Pisaymcdllytdnarmpghaectranmagndts om

sharp corners, a coating of parylene for 15insulation fro
surr 8u néi ng rretvﬁp‘ingﬂlﬁbatg‘f%ﬁeﬂge’?%ilw%?@é 1{‘06?““28@%1‘88‘3‘16@6{;1 foraug;op he
bundl es to the phass smwhgtmmﬁ%%ﬁm @anmlgm gwmgg@ggns&&ﬁﬁaga@ the

magnet w re conductors 36 and an over-nold Frg. 2, '
t enperature, glpaksity efithé megrstic fialdr the gleaisarnagnets Witrdings\either iy bgacg 21 gepel

shown in Fig. is "renpved" foc.iklustrati I : [.n
reality cannot %‘Beép?r@%%gﬁl.agrfetts @é . iquljg'e toé" ‘errrg{&(rjgg Wf‘gﬁéﬁ?@ héﬂe
assenbly. On t hifegsiskha@fhetdti Smpledar mugdt'Sirthtdnd seuthpeles are attiaoigd to
features, e.g., pin and cavity featuyres, th(;t ,alljr{%}r}rftihe stators, 9 and
coupl e '®hem durdpaesiigpalesprdrepglipoles of BESHRE PORAY 1 RFdergt "OPBORLES 11

al so has pin f e bioe lov1iey B itiplepRhselod Bnuliil@pole stators, all
tenperature 253?‘?%35%‘%&%%53"%{8‘1% o'r ell'ease ‘Fhlemssteat ordﬁang/ or torque
exceeds concei wdlthecléatroniagnets Wandingt efd giversstatpr 9 angartiveaat thersarie §me. This
orientation of the stators 9 until those.condit] I - The. main
pur pose of the aﬁ?‘?ﬁnlﬁ%ﬁ‘f’ﬁ?@? ?Ea"‘t%at%&csé?fie?f VRS ?ngﬂﬁﬁig?m%rr@nghn%sg

the shrink fit @per a8 i@protetths maysst witlfebadshatpcinets, aasatingpd partlene for
varni sh on the nagnet wre, efficiently conducts

) heat , which.in, turn
rai ses Kesi stanig@! athanﬁihP&@e?ﬂaéWBEta@r éﬁ?&"?@&%f%&?%&ﬁ’&ﬁﬁ wire
wi ndi ngs. The Sl%lﬁl%%(%%O e 255‘3%?1{0‘391336?)@&@0'& B uHP bSidl @bV eralendgnet Witd N

no radi al offse r ease of manufacturing, electrical symetry WO
2010/ 114631 PCPUSA1061806@aGan 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



- 5 -rconsiderations, and ease of assenbly. There are two w ndi ng
inserts 33 press-fit into the ends of the stator |am nation stack 34
prior to the winding of the stator 9. The winding inserts 33 are
injected mplodmdy/Bagsd are preferably made of high tenperratnusecigh@asss
reinforce thernoplastic. The purpose of the winding inserts 33 is to
protect the el ectronmagnet wi ndings 36 duri ng the winding process, and
to maintain the position of el ectromagnet w ndings 36 until they are
over - nol ded, 'Qgﬁs%e?atﬁﬁ?faﬁaéﬁg gggpé}ggl a coating, e.g., parylene
film is applle e stator topotect the el ectromagnetic wres
inside the stator slots 109B. In another enbodi rrent t he process of

over-nol din | d conprise over- t.h di |nse

t hr ough t hegs}tl\%S’if‘ a5 3e W’Q%“? ASEHS ﬁ;@ Ssggl oﬁ}? ’{}g‘as%t@f 38}’”“‘3%?%8‘&
the copper W rag pebf foltBe Wrﬂﬂigﬂﬂt}m&td{ér@ Uhe Hindifg ﬁxxmssachrmm{edmladae
inside dianmeter, thereby elimnating the coating and press assenbly.
The wi néli ng i ngad @rgmerablur@@ﬂpﬁh@hg eyatirR Slaptleinapre dgrmgpiastingThe
equi prent, all : :
f?ng prent . al ! 0ok Rid R r%‘iﬂ&hﬁ’%s Ao BoR he%ﬂecg&gy@@trﬁmau@éﬁl{s fbring
m ni m ze t he | ehngwmdmg pesudss, ands maTrhanelieqm:txonageienttrmmgdctwgsdxﬂg‘s Horumtil

shown "renoved", for |IIus tlo re coul.d not
renoved. They 4P¥ FaCYR™HP uﬁ’&i %ﬁﬁgﬁfgg@%?ﬁ n%l‘}rﬁjlpégd%‘f’ film,
20wi re attacheqs y0ibde tﬁ@ @tﬁ@i‘ 9?@ﬁr&e@@h§el@&oﬁ{a%néfﬁdﬁréé@nsﬁﬂe tBéstator slots
i ndi vi dual conductors of copper magnet wire with a coating, such as a
pol yi mide di el && rlp @n@bmmdlwm@yhea:r@cwmfmeq—mokdm W eGTRPTESS S¥GTH| v
thirty-four at r il ,
wth Spectal 2l iRRe M binktskh 33 BHeh Beor AREARE Aol cPmblaThd
stator slots 9Bvauld bett@upmtdct the doppectvirys duoing edpingloyngriteof iveexposed meeta) f
the stator slot 9 bt he d i ngs .the indivjdual, wres a t
depi ot ad. Howe BT i Aot BT Eh ST 8 P TN A S ARSERTah
is of the area Wlﬂdﬁlg%s@ﬁssﬁ'm YorhRfiorPRith BRcRRLMRIRGNE quiﬁﬂé}ﬂtaIWtﬁe
Al though a large quantity of wre in the stator slot 9B i s opti-nal
the "endtuns” omrcrbmdlesﬁmge ptdbégrocmd thegtatar fiagers avitbputdhetiskad damaglgg]g}le
conductors between t fy n ternal to the
stator slot 9B ‘58%0038?%3| s?gﬁ %%m%ee@a?etngmbﬁ%& g‘trbsghort and/ or
cross-sectionally large for |ess resistance.

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 tenhinals 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



‘WD 2010/ 114631PCT/ US2010/ 001026 - 6 - winding insert over-nold 33,
the |l am nated stator assenbly 34, and the nmagnet wi re w ndi ngs 36,
the entire stator 9 is over-nolded again to reduce air space,

i ncrease twerxww/aeductivity and i ncrease hernetic proPe€milised /861026
depicted in the final stator assenbly 35.45 10, Rotor assenbly. The
three rotor magnet 10 assenblies are over-nolded and cl ocked at 20
degree interval using the alignnment grooves nmachined into the rotor
shaft. A uni qu%l d?r?gtleie?t differ-ﬁulalcﬁﬂdﬁx%'lﬁﬂmht%d §thRr Asbiblyal! 41 thd mhhRet wire
center nagnet asseénbly. The magnetic pol arity of this
assembly is exwmdu;gséﬁpbs pmtee othtor A ds momhbiedtamn tomefleceiaspanei iperease

f k | | f
Stator I eads pReEroraRbaRis e (BN VAR hrhp i S Uil PR bl SRS 0

the polarity ofssthblyssator. This woul d conplicate the el ectrical

| ayout, assenbly, manufacturing of conponents, and cause nore

el ectrital resistance within the circuitry. A cooling inpeller is
over-nol ded inyg RGN ABAN tmégﬁ&%%rmﬁ t 10 URGRBHS oR¢ SeRnRiMad 284 ©
samari um cobal t. They round on the outside diameter. After
mounting to enslsvpleedp:t 2P degrbraintomeaé usinglthd ialigmsind greb vesarashiney intarthe retet or

Vade of " hi gh 1 aiporais e sEpRERRial s pppiendbn TR BB R

rotor shaft seak, Jassdntiy. WW@&%@M’@?&T thib GssetnbBy 1bHﬁacﬂ§1bﬁpo31tamﬂhé
and hel ps to ret ain the rotor assenbl y i s fastened

| t
machi nao scr ews other two. This invesHversaigre ’B@WéFhe e}gcgtgalmy@me{ré{ wg ﬁf}oée’
thermo plastic, bl leﬁgt‘ﬁes(at(;rqea%% {b?é)g'){e hl?en?a)ﬁw thisGRactiBOR 16 AvelREthe
mounted in the reverse~position ere 25applications require the bus
bars 3 and 4 amdladty efdheststbc ﬁ’ﬂusomu&chdzdn@lmte tltveilmblg}'MrdSSW&l)SX| t
fromthe rear of t not or . ¢
temperature t hé?%%ﬁ'éﬂ&f‘ﬂ 8{: C‘{Wﬁoé’e’&tﬁ\?é? cﬁ“§e F‘é’f%‘ifﬁ’i'c g %Sﬁaﬂél ‘%’“th ne

screws and can c@cﬁ&gs,u RESIg ifnpelldp USoveRmS1d3d amneleath miipact 38sentbdy. The | |

operate w thout it is part of the hernetic encldosur
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




WO 2010/ 114631PCTTS2010/ 001026 - 7 - nol ded rubber. Al so seals bus
bars or has alternative plugs. The front 16 and rear cover seal 14
may be i nterchangeabl e depending on exit of the bus bars 3 and 4.

15. Top coVér208¥d#631 The top cover seal 15 may be a hi giPr8pp010/001026
i njection nolded 5rubber. Left, right and7front to back all nay be
i nterchangeable. 16. Front cover seal. The front cover seal 16 may
be made of a high tenp injection nolded rubber. Al so seals bus bars
or has al t er natriolded phtibgs Aldvesehls bnd bakSordns alteraative plogs. Thedtonfi 6 arayredre

i nt erchangeabl e depending on exit of the bus bars n

Transni ssi on s&RYST EePEg F‘géﬁg}ﬁt%fgl?aﬁﬁea?{?aﬂep 1qgsonaexﬁloéﬁxe%gﬁbarpg%%g

o-ring and seals the interfacing transm ssion fluid.

Rot or shaft seal. The rotor shaft seal 18 may be a high tenp, h| gh

wearing, 15 spﬂﬁnﬁ_ﬂ_@m@eﬁ_lmtg@mvme@lbﬁnwbq%@gbmmgjemﬂmolded

encl osure whil e 8] na ot attached to

the trahsm ssi Oh Sn&e‘g r&%%ﬂ‘ﬁr nti%bédg( &3 oh’bgl éha?%gan‘%?ent ering the

not or . 19. Cool ant baffle. The cool ant baffle 19 is

commonly used in injection polds to 20nmake cool ant (%O)rc te and cool
|a§‘§'

t he housi ng. 16. Front covepsealy /@erfmnt ﬁﬂvgbsea}r}ﬁ rgayp e tﬁmggm?qgl,on
cross-drilled comantvyp! A seals bus bars or b altd¥s Ve PRugs Cflﬁ:"ﬁom T@ §nd rear

machi ne screws 21 are for retaining the notor covers. . Liner
bushi ng. Thi s wechiseadd4 mapde indershangepbkdepeonddugamaxitiof thm&BﬂSécand\Ht h
all machine screws that fasten plastic covers to limt conpression on
t he pl a&tic and prevent creep strain and cracking,

17. Transmission seal. The transmission seal 17 is a high temp rubber o-ring and

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 circulatekand 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.



WD 2010/ 114631PCT/ US2010/ 001026 -8- 24. Pin header. These six pin
header 24 conponents each have five conductors that carry electrical
signals between the circuit boards 2. They repl ace expensive cabl es
t hat woul dwot2esymise cl utter the el ectronic assenbly. FEIFS280/0& 0%
more detailed view of the stator 9 and rgfor 10 sub-assenblies. In
the upper left hand corner are sectional views 26 of the rotor shaft
assenbly show ng the rel ative radi al position of the rotor magnet

assenbl i es 25. 4T ﬁheideri ﬂ%ﬁxtr&g&krtzb@smﬁadesﬁteaéﬂ 19Re ale &Jaﬁuaeﬂatﬂeart

magnet s asserrb exa t e opposite of the other two. This
all ows for thecarwanﬂ@:tﬁqabmdlweb@mmnhﬂ ¢iespit roards 2 'Iff@yméacste&nequ enbiss

as short as io In t wer, ht ha corner of Fig. 3
there is shovvn&ﬁsfg ﬂf’g’g‘ﬁﬁe Q%“%@Et%"ré‘&g‘&é?%ﬂ“@gg as renoved fromits
respective housing. The plastic over- nmold 32 and wire are renoved
fromthe | am nat ed stator assenbly nthis vi ewt bettb?

15i | l ustrate t A& ¥& amaregetal PFEV@‘EV&tf 8}’3 sgapqg@sanggo% sy &ng ies, In the

appr oxi mat el y Bﬁf]?F‘eﬁtHaHE% &E&earigé Rl %W§ Bpﬂue%t&ts‘f’laﬁ @sseﬁerfsnsmgeﬁe

nmotors. Fig. 4 shows anot er e I ment o an electric noto
housi ng that hedata radid pbsition efthetamagnet assemblide2 s UFifuadets undgstuwd thet
this invention ha beeg articul ark segg) and d SCI’I be

references to &% SEsERpEne ){15 ef(aw goﬂ%(f?}}% 05‘835 t\%%/

those skilled histallewafor thelladds iR 186 SortfdaBdasdulditolthE futaind baat sidrtsasnay
be nade therein without departing fromthe scope of the invention

enconpassed byPt’*ﬁé’ @ppended clainms. - 9 - Wiat is clained is: 1.
A direct current electric notor conpri sing:

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.



a housing; three electrically and nechanically i ndependent stator
-sections longitudinally disposed along a common axis within the

housi ng, and i ndependently connected to three notor drive phase

nodul es, wherein a controller circuitry sequentially activates the
three notor drive phase nodul es; a thYee stage rotor assenbly having
a center rot , two end rotor elements, the center rotor
el ement havi %"gl ﬁaﬁé}é{ﬁﬁgg’ori entatjon that.is in opposite phase from
the magnetic bt BRECHTUBRIbEICEis WAPrCOEMISHErent s: and a not or
driver ci rcuiith‘éii%lﬁgésed integral with the housing, the notor driver
circuit conprthsiesjedtieallynndmedpaically independeitistadoedse nodul es, each
mot or drive phaionsnedgitediabily tdispedetyalonoppd ednimon mdspective one of
the independentyighiat@e BRkligNHd WMRpehderkBC boiectdiietd hr ee

el ectricall yl g EBEOBP UERE phadd %l&?gﬂxeféiﬁh%nﬁ%ﬁbf ons incl :Jdes an
i nj ection-no - M0l - : e egl..current electric
mot or of cl ai m% c%@fé‘%‘gﬁ:@gcl ga% ]t tgstthrélé']—egl %’gﬁﬁ @‘E&Y‘fy and

mechani cal |y i & ffe'??& Sstator. sections includes w ndi ng inserts at
ends of the <tWFeTSIAEIOIRAAsseblY RAYARER RERIREFAQLFIEMSNH covers the

wi ndi ng i nser t éndriwonend reion glemgnis,yide qoRen o glgmeaterts and in
stator slots. hagingkhmagietoxorientatiemthalieit oppositetphesef claiin 1

wher ei n each oYgym (i agisticuiatdtinadfithgeddritorglemensf i gured to
mai ntai n radi alypqrientation of the stators within the housing. 4.

The direct c () e kn.,each of the
three electr :%{:ﬁllﬁfﬁr ﬁ#}‘%?%g‘gi gﬁgﬁ?ﬁﬁqt%gl Wl% tﬁ’g‘?}%ﬁkﬁ? sections

i ncl udes a coa?l?eh og%e‘?nw{emﬁué%ﬁ? PH&% gﬁggt%.ss wi ndi ngs inside
stator slots. MAOr ffe fpliase mednles,ea o RS PYASDE claim 1

wher ei n each ofmqdide cleewically conpieshia § repgchivepadrE e y i ndependent
st at or sect i onsndapehdeid siador seebonstol d of the stator sections to

prot ect wire whardinngshi of ticathese sleotrically aml mebkamdealict current

el ectric notor i@;feé:@h@énv tafdtr sB@oOREIngeN AR ijegiibal si gnal

processor disp LLBhQobdemBRYSI ng. 7. The direct current
clectrrc ot of il I AL S dBEo ] #lvidtaRghpr ocessor i s
di sposed on 'C|lr cul odrd” W, ﬁ!gﬁ theholsl ng (lﬁg % 0se proximty to
t he notor oqjﬂ%?‘rﬁ? c;ai@zﬁ& R ’é‘fl?%al%&*h GFOeRt Sk e separ at e
motor dri veepHaremphiles Wiading mspds ot epds 0§ Bl defo the digital
si gnal prod&yspandn the circuit board by pin headers.
wherein the over-mold covers the winding inserts and wire
windings over the winding inserts and in stator slots. -
3. Thedirect current electric motor of claim 1 wherein each
over-mold includes locating features configured to maintain
radial orientation of the stators within the housing.
4. Thedirect current electric motor of claim 1 wherein each
of the three clectrically and mechanically independent stator
sections includes a coating over the stator that protects wire
windings inside stator slots.
5. Thedirect current electric motor of claim 1 wherein each
of the three electrically and mechanically independent stator
sections includes an over-mold of the stator sections to pro-
tect wire windings in stator slots.
6. The direct current electric motor of claim 1 further
comprising a digital signal processor disposed within the
housing.
7. The direct current electric motor of claim 6 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 mod-
ules is electrically coupled to the digital signal processor
on the circuit board by pin headers.



- 10 - 8. The direct current electric notor of claim7 wherein the
* digital signal processor is programmable to control power signals to
each of the three separate notor drive phase nod- ules. 9. The
direct current electric nmotor of claijgol further conprising at |east
one bus bar configured to distribute power to the three separate
notor drive phase nodul es. 10. The direct current electric notor
of claim1 wherein the housing includes air cooling vanes. 11. The
direct current electric notor of claiml wherein the housing is |
ported, wherein the housing is further confi ured_tohci rculate a
cool ant t hr oy HehireaDéetent electiic mibker afickaigy 7 ¥iberanii%l ectric ot or
of claim1l ﬁgﬁgi?lﬁhﬁrdceis@?ﬁé progrehuienblptasoigobpeveinl d is a made

from gl ass 1.8 n- e gﬁﬁgﬂeqnomrdﬂiaepﬁm pdect current
electric mstxgpz'ﬁgg ('gll&rg%gﬁergl the plastic over-nold has an

LT Eroh & bos nf sbear BB Ahl'of SARERdRhept ator sectons

comprising at least one bus bar configured to distribute power
to the three separate motor drive phase modgles. .

19, The dircct current clectric motor of claim 1 wherein the
housing includes air cooling vanes. . '

11. The direct current electric motor of claim 1 wherein the
housing is ported, wherein the housing is further configured
to circulate a coolant through the motor. ‘

12. The direct current electric motor of claim 1 wherein t}le
injection-molded plastic over-mold is a made from glass rem-

ermoplastic. '
forlcg d'It'ﬁe diregt current electric motor of claim 1 wherein th‘e
plastic over-mold has an interference fit around the n.lecham-
cally independent stator sections of less than 0.005 inches.



