WD 03/ 085807 PCT/ US02/ 09624 1 ROTARY ELECTRI C MOTOR HAVI NG CONCENTRI C
ANNULAR MEMBERS Field of the Invention The present invention relates to
rotary di wexdas/osssorent el ectric nmotors, nore particul arly Hax/vswosR4s havi ng
first and second annul ar ring nenbers concentrically arranged about an
axis of rotation and separated fromeach other by an axial air gap, 5 one
of the nmenbers conprising separate nmagnetically isolated wound

el ectromagnetic pol e groups. Background Direct current notors have
versatility in a wide range of applications. The 10 availability of a
battery power source for dc notor equi pped devices facilitates a
portability aspect that is not readily available for a-c notor drives.

El ectronic controls, such 'croorocessor based systens, for a wde
variety of functlonal appl i BRARY LK CTREE IV R ace. As devel opnent
of the battery has progressed, and the versatility of electronic controls
has expanded, the chal I enge GONGENTRIGANNULARMEMBERS 15 current notor
drives for vehicles, as a viable alternative to conbustion engi nes, has
beconme nore conpelling. U S patent 5,164,623 to Shkondin is one exanpl e of
a proposed inplenmentation in which a notor is nounted on the.wheel of a
vehi cl e for Fiéeltdo€ehd mvektiond Ng the vehicle. The patent proposes that such an
arrangenent can be applicable to electric cars, bicycles wheel chairs and

the Iike. WO 03/ %@g%eﬁg %TJeHﬁQ@éeﬁ’e?? otalp{t 1r§%(§ttcﬁ)1}gr§|tc g{csx(r:xgtr(])%sr gllolreed

ener gl zation of wn Irec CUI’I’

particularly to motors having first and second annular ring members concentrically
arranged about an axis of rotation and separated from each other by an axial air gap,
5 one of the members comprising separate magnetically isolated wound electromagnetic

pole groups.

Background

Direct current motors have versatility in a wide range of applications. The

10 availability of a battefy power source for dc motor equipped devices facilitates a
portability aspect that is not readily available for a-c motor drives. Electronic controls,
such as microprocessor based systems, for a wide variety of functional applications have
become commonplace. As development of the battery has progressed, and the
versatility of electronic controls has expanded, the che;llenge of providing efficient direct

15 current motor drives for vehicles, as a viable alternative to combustion engines, has
become more compelling. U.S. patent 5,164,623 to Shkondin is one example of a
proposed implementation in which a motor is mounted on the.wheel of a vehicle for
directly driving the vehicle. The patent proposes that such an arrangement can be

applicable to electric cars, bicycles, wheelchairs and the like.



t he prospect of nore flexible managenent of notor characteristics. The use
of permanent magnets in conjunction with such windings is advantageous in
i mting wausrssso7 consunption. U S. patent 4,754,207 to Haedeldvengs2et al .
describes a direct 5 current notor having a rotor conposed of a continuous
ring of a plurality of permanent magne%s successively alternating in
polarity. The st?tor,. conprising a plurality of electronically sw tchable
el ect romagnet pdilgsgonical %?WQHF‘E?W?%‘PPW%’@E&P%&P@ dirgqt spsreni aoters pEers nmgnet s
by a radial air gap. Several adjacent stator el ectromagnets form a phase
group. The themaspdcindsrorp exiblemsaragemetjt af motor ehaadteriating ke yolfs i n each
group are in 10 surface area contact with each other to forma continuous
magneti ¢ f pexmapaiitfimaghe® in ebgaidtionBghatticwidingdid advantRske i [ghitihgansi tion
poi nts between adjacent groups of electromagnets. Sensors detect relative

rotational chosit hRRnPRbNEETS. hafel 4,%@3{?%‘[@1@%&%{!td%sc#gfsrc]ggﬁéc?'

el ectronic switching of the indivi ectro

El ect r ogag I i tQ a _commn roup.are swtche imultaneously with
one. 15 S o ARG aoBiof Rt o 30Biflos B oF G fieRisg el BitfeRe

el ectromagnets in adjacent groups are of different phases and are swtched
at diff er efte8pgtHERcCe Vei)b%@é?%"igﬁn PRrBmehetatem compEsing 8 pPlugligPhg swi t ched
energi zation is the avoidance of unfavorabl e consequences such as rotation
i rregul ari eleewonirly ssvitchghle clecspmagnet pelos;ss siviunthiengallf sephiateddtom thehase

wi ndi ngs can cause pul sating output 20 torque. Alleviation of these .

ef fects, wrdtbr magnetsigy &ttt alf,gapaABetigalAldiagentethtdhiclecaBRa@idts &r@l ApHawé t chi ng
all phases at different times or by sinmultaneously switching certain

wi ndi ng cogRjuPatihe Hswirh BhsdtibhSdtad EErﬁ@le%}fH?ﬁ%%ﬂEésg@fek Y%@%aﬁgi%@%e fif ator

peri phery and bear certain positional relations W t r mnent

e (19 S8 rdul P O USRI 3 LEUBR R BSRRRICAESS e
to a conti Ql%gtggmggl%tqg E:{rgui‘? {.s rb%]lletn art) %ggéiti&spoil\pt[s)%gt%vegz gczjigén% g1905u;7)§ gf? 0015
electromagnets. Sensors detect relative rotational position between rotor and stator
elements to control electronic switching of the individual electromagnet windings.
Electromagnets belonging to a common group are switched simultaneously with one
15 common electronic switching means per group. Windings of the electromagnets in
adjacent groups are of different phases and are switched at different times.

Of concern in implementation of stator winding switched energization is the
avoidance of unfavorable consequencés such as rotation irregularities. For example,
simultaneous switching of all motor phase windings can cause pulsating output

20  torque. Alleviation of these effects, with varying success, can be obtained by
appropriately switching all phases at different times or by simultaneously switching
certain winding combinations that are distributed symmetrically about the sta‘tor
periphery and bear certain positional relationships with the permanent magnet poles of

the rotor. However, switching of adjacent windings at different times leads to

25  detrimental effects if the windings are linked to a continuous magnetic circuit path, as
WDC99 576743-1.057357.0015



WO 03/ 085807 PCT/ US02/ 09624 3 the flux changes due to the changed

energi zation of the winding of one pole effects the flux of an adjacent
pol e. Hei del i3amsgoet al . alleviates this problemto sone exd@EnrSobyos oupi ng
pluralities of stator poles in separate magnetic circuit paths. The
magnetic circuit path discontinuity 5 Between adj acent groups effects an

i solation of magnetic flux, thus reducing transforper _|ike magnetic fl ux
i nt er f er enthe fluastoherges gue tahe chinged erergizpdereoiihe winsagofenepols Sre wound
and switched sinultaneously, a torque ripple effect can still exist.

Hei del ber gthedtuxalf an pdjavérd@slenodi fi cations in which sone poles of a group
are not wound and/or the pole structure of all poles within a group are

not _of uni for M LG A alleviddlABisHRIRE il dif by bioaping phiralites e
u

ripple and flux Interference between adjacent poles. nodi fi cations

sacrifice torque char r1sties.: |1 . S ak Fs

Goner at | ot RERGeT RREAHAE bl ircli oIt Rt Sl palibREminail’
torque and, can nggatively interact w th.rotor. permanent nagnet

Non- uni¥ or RFTEFEAdERR %&ﬁl}éﬁffgﬁw R alapR &f FaREtie ﬁ'“ﬁ@&seﬁeﬂ%%g%?mg‘?@%r e
coupl ed with non-uni formpole w ndings. Such 15 configurations conplicate
t he manuf abkemagnetip flow dxerferarrebsiaen BFaws-nBPWEVeEf WheEs %ﬁ:B&.@S Of%r@c’%ed
remains for an inproved notor anmenable to sinplified manufacture and
capabl e of agfdumtand sWitehed intulapesualy] atprqueaippde effecteanctill exist. tiieidgdbsrei cul ar
vehicle drive environnment, it is highly desirable to attain snooth

operation gvarygyidkdfodiReatbns #NERich sihé hsled®li d traiard doewiindantier dice out put
capability at 'm ni mum power consunption. 20 Such a vehicle notor drive -

Shoul o =y SOLSRRRUR Y L USplSelnpE oS oAl ausring
the. abive. HectierRoboRREEP IS (BSplaH repreon o G Boies "SEdH ! o TulTHTES
modifications sacrifice torque characteristics. If fewer poles is are wound, flux
generation capability is reduced. The unwound poles do not contribute to torque and
can negatively interact with rotor permanent magnets. Non-uniform pole configuration
modifications in Heidelberg et al. are coupled with non-uniform pole windings. Such
15  configurations complicate the manufacturing process and compromise motor efficiency.
The need remains for an improved motor amenable to simplified manufacture
and capable of efficient flexible operating characteristics. In the particular vehicle drive
environment, it is highly desirable to attain smooth operation over a wide speed range,
while maintaining a high torque output capability at minimum power consumption.
20 Such a vehicle motor drive should advantageously provide ready accessibility to the

various structural components for replacement of parts at a minimum of inconvenience.

Disclosure of the Invention

The present invention fulfills the above-described needs, at least in part, in the

25  provision of a rotary direct current electric motor in which rotor and stator members

WDC99 576743-1.057357.0015



25 provision of a rotary direct current electric notor in which rotor and
stator nenbers WDC99 576743-1.057357. 0015 WO 03/ 085807 PCT/ US02/ 09624 4
are each wandsiogssoed as annul ar rings, concentric wth resmpearusoe/osaeh

ot her, about an axis of rotation. Either of the rotor or stator menbers is
formed of groups of electronagnet pol e“pairs, the groups substantially

equi di st ant | str but d alo lar xtent of the annular ring,
cach of  neh SRR e g AR PRV TR Bt Al APORCR ot od and
separated fromthe other groups. The ot her nenber conprlses a plurality of
per manent r@ﬁkjr?@tTOthq)lésE%%ﬂfﬂmfP&floySté@ﬂml’ﬁleaﬂﬁvann@dloftgmlb’apéd with
alternating magnetic polarity along the angul ar extent of the radial air
gap f or ned eletromegndt ipelemmirbathe grdupe syintandalnéquidigiaady gietribatddavdngghe@ conmon
magnetic return path. The poles of each group of electromagnet pole pairs

are 10 wouRrfgulhhxtditod iHamnhREALE QactPsf thE gfdMpk eHAPHYing AfpAb#SHattQ% dri vi ng
el ectronotive interaction between the stator and rotor. Thus, an even

nunber  of B?Jgfiéticail so?ﬁ%d E&H’ fepaﬁ?édrﬁorﬁ“ﬁf‘e o%é} gﬂé\gflg 9E oﬁ%? e‘la‘r{b%? tromagnet

group. The pdles of eac pair are 0 provide
opposi te narth/.sout arities |Ie ea an c |se a plurality
of poles, P™ pgseﬁraé}qur%gb%thegnﬁqegvfn&gnet?gﬁaéﬁglgﬁ?aé&gﬁﬁagg ISBPEY pai r for each
group. Swi t ched ennglzatlon of only a single pole pair, wherein current

in the w ndisfintedwithalipmating magreticipalagity apngthsragnler pﬁp@trqfttheer@d@f airt he

pol es without deleterious flux effects for the particular pole pair.

Magnet i ¢ pgamformed batwesn tid meibeisnitie penhmentxabgneppoles having atdramopol e gr oups
elimnates a flux transforner effect on an adjacent group when the

ener gi zat i efhghétid leurR 9hid. PPhd polls off dach Pd%p of cRVirmiabt pc'ﬁe?air@&% of

additional pole pairs within the group eli1mnates precludes any such
ef f ect oW Wiufld, 3hd%Htfings together being switchably energized for driving electromotive
interaction between the stator aﬁd rotor. Thus, an even number of poles, two per pole
pair, are provided for each electromagnet group. The poles of each pole pair are
oppositely wound to provide opposite north/south polarities.
While each group can comprise a plurality of poles, it is preferable to provide
15  only a single pole pair for each group. Switched energization of only a single pole
pair, wherein current in the windings is reversed, aids change of magnetic polarities of
the poles without deleterious flux effects for the particular pole pair. Magnetic path
isolation of the individual pole pair from other pole groups eliminates a flux
transformer effect on an adjacent group when the energization of the pole pair
20  windings is switched. The lack of additional pole pairs within the group eliminates
precludes any such effects within a group.
By appropriately timing the switched winding energi;ation for each of the
groups, development of smooth electromotive force throughout the motor is attained.

The precise optimum phase and sequence for timed switching of particular groups is

25  dependent upon the particular structural configuration of electromagnetic poles,
WDC99 576743-1.057357.0015



By appropriately timng the switched w nding energization for each of the
groups, devel opnent of snooth el ectronotive force throughout the notor is
at t ai ned. wOlisesgroeci se opti num phase and sequence for ti nmmtCTsvsoRodizmg of
particular groups is 25 dependent upon the particul ar structural
configuration of electromagnetic pol es,®>WC99 576743-1. 057357. 0015 WO

03/ 085807 PCT/ US02/ 09624 5 pernmanent magnet pol es, spacing anong vari ous
pol es and peiemestmagrtetipales, spatieg arapng Ya5iesRPplss anghothe f%lhati on of the
optimumtinmed switching sequence for a specific notor configuration

i npl enent atiteieliorhipwi Upbh dgtetfiiiation ofthe bptimanhetimetbypeitahing seapense fal at i ve
position between rotor and stator. Switching may be 5 perforned by a ‘

mechani cal SRS Hoflr BhAELEGL HiblenRfla¥ALF RBwiithifg sahenRah be siagaal s
generated by a position sénsor. Il e various position sensing nmeans are

i gnal o, ¢ AepeeGpty o lp ot bR P ERE RL BRiC P ERTRE © 10"

een foun e preferable. The

resol ver output can then be used by an ncoder to.encode Si . r
appl i cai omerfornediyct 6‘6?}@@&!69“‘%‘& OF SIFETRRIC APth@lp I TEgP W? fbgélgrhaié) pr esent
i nvention has useful applicability in various notor drive a pﬁ'cations, It
i s advant agenersteg byaipoaitios sernor.aWhelgivarieusdpqsiion; SENSipg BRansHEe f’z’S BPO‘?”%
structured to surround the stator, the rotor being secured to a housing for

direct at igefm)bny 6f whichmsi & etysieyed tFlgenaata shclr signadsthe useohas at a
substantial radial distance fromthe axis of rotation. The rotor housing

i's journallgdfd BB§ HAlH A BARYreRrabR. SttRireyadr Ybuphatdn then bdresedbyanof

rotation throug earings. In an eandi ment in which the rotor conprises
Cubst ant | alPgotgs B ogf SEfr S HTaRbURLisR T PR taanrbaat SR chonlt, e
rsn W|C'[ gﬁirl(ﬁj}g essor h\?z&i’iilé thhee p%gs%gip gnL/LrEt}/onc}Ias Qsetal a%&aiiga(?)i 1t)}<ltixr1 (\afanr?ol rrrlutgpdx{\%t e of
applications, it is advantageously suitable for a vehicle drive in which the rotor is
structured to surround the stator, the rotor being secured to a housing for direct
attachment to a vehicle wheel. The annular rotor is thus at a substantial radial
distance from the axis of rotation. The rotor housing is journalied for rotation about a
15  stationary shaft at the axis of rotation through bearings. In an embodiment in which
the rotor comprises permanent magnets, a large number of permanent magnets can be
substantially evenly distributed along the annular ring. Asa programmed
microprocessor has the capability of generating extremely high rate of switching
signals, a wide vehicle speed range is available without neéd for transmission gear
20 shifting. The groups of separate electromagnets form a relatively thin annular stator
ring that is spaced from the axis of rotation by a radial distance, which preferably is
substantially greater than the radial dimension between inner and outer diameter
boundaries of the stator ring, and secured to the shaft. The configuration of the

present invention, wherein electromagnet pole pairs each form isolated magnetic

25  structures formed in a thin annular ring, has been found to provide advantageous

WDC99 576743-1.057357.0015



signals, a wde vehicle speed range is avail able w thout need for

transm ssion gear 20 shifting. The groups of separate el ectromagnets forma
rel ati vel wadsiosssamnul ar stator ring that is spaced from thea/@soeeal
rotation by a radial distance, which preferably is substantially greater
than the radial dimension between i nnef and outer diameter boundaries of

the stator ring, Secured to the shaft. The configuration of the
present i n?;{g‘?ﬁﬁgowggméfigwe@}e&%ﬁﬁ@ & fonganizatpd; with gié'i':‘gltw B? 1955 8% at ed
magnetic 25 structures formed in a thin annular ring, has been found to
provi de addadetereysdirnsioppepmicsieergs cffeqs 2BGP rabalziygpolr opthaon

PCT/ US02/ 09624 6 effects. Wth this arrangenent, flux can be concentrated,

wi t h vi rt uiatdriction witdsthe permatehihegricorort rAansfesuliextremelrHigh erpe ief f ect s, at
the radial air gap for optimum interaction with the permanent magnet

rotor. As gailgsibhith £High @fRlishch ki sicRIMINRITY Skteré Makt@Rli@e W th a high
efficiency that significantly extends battery life. As an additi onal

advant age, achy shah a9 uvirtack UK oA oSS B Al heq B ALOT annular

ring structure, erern renova an r’ndrvidual “st at or
roup is facilitated. Thus, if. a particu]ar. stator w nding.qtoup shoul d
Become  deFHGEARIUE ing,SIHEPES BioEstn eipiaval 4RdrRRIagspent of P RKIHAHA S ndi ng,
t he i ndi vi dual _ st at or roup, can be replaced wi thout renoving or replacing
the enti r eroupisdpcilitated. Puisaif apartieniar slgtos inieding gwupwherldbreonise of a | arge
nunber of single pole pair stator groups, the notor can continue to

oper at e i ndamaged,i fof excinaply byrafmdtr inghepole ftraotere @ windiag, ih¢ indtwidwal stator

el ectromagnet pole group energization fails. A further advantage of the
present i nueap tAbd @plabed withGutIethaviflg ofrehRiding tBS dtRE staf?@nftOQra pol e face

di rensi ons and spaci ngs between poles are relatively independent 15 of
each gphe rmld%édtéd%ﬁaéé/y\»}iﬁptﬁg usd'§Y aglia]g%tniu%elsgps%@e Bgfg plafr spd’t&%gﬁgg?&let o be
| motor can continue to operate in a satisfactory m@er even if one or more particular
electromagnet pole group energization fails.
A further advantage of the present invention is that, to a large extent, stator
and rotor pole face dimensions and spacings between poles are relatively independent
15  of each other. A timed switched energization scheme can be programmed to be
optimized for a particular structural configuration. A preferred embodiment, in which
operation has béen found to be particularly advantageous, implements the following
structural features. An odd number of stator groups is utilized. The stator poles have
pole faces at the air gap that are of substantially uniform angular extent. The
20  permanent magnet rotor poles are of substantially equal angular dimensional extent at
the air gap, whicl-x is different from the stator pole face dime_nsion. The angular
distance between the centers of the pole faces of each stator group is substantially
uniform throughout the periphery of the stator and differs ﬁ‘om the angular distance

between the centers of the stator pole faces of adjacent groups. The angular distance

25  between the centers of the pole faces of each stator group also is different from the
WDC99 576743-1.057357.0015



optim zed for a particular structural configuration. A preferred

enbodi nent, in which operation has been found to be particularly

advant agewowsy3/ossgolr enent s the following structural featuraeCT/ésv2oekd4 nunber
of stator groups is utilized. The stator poles have pole faces at the air
gap that are of substantially uniformahgular extent. The 20 permanent
magnet rotor poles are of substantially equal angul ar di nensi onal extent at
the air gamguridisterics beivieen thntenferpef adjpsent perBANgd MAgReiOlegi oFEISIPIOR. The
angul ar di stance between the centers of the pole faces of each stator
group is suhph defwesh layjacetisfatripotehfacesohichin eadhegrpep arplsebstamaially kguad fert or and
differs fromthe angul ar distance between the centers of the stator pole

faces of agl 3&eRt i Gitfefent Fof SHYYLAccH h&hahE Stal? RRIpIC The tdigr gt er s of
t he pol e facg{s&gf each stnat or %ér%oup §I650§Ji s different fromtheﬁﬂV\DC%

576743-1.057357.0015 . 9 . i ce

bet ween t h&“EeHt é?psar%tgﬁ)zsa‘g]%ga%g%?y%%?é%y}%@? g#ggﬁ%%a%%?egggo gc?%cght?gﬁg r. @Gaps
bet ween_ adj acent stator pole faces within each group ar ubstantially
equal for Petacss Being differenf;frana thergars F’Weﬁ%ﬁéa‘beg’f WI@@’H Pg jfg%ee‘ﬁ Mgast or
groups. The rotor pole faces are separated substantially uniformy by
gaps, the sfafos givepween adj acent rotor 5 pole faces being different fromthe
gaps between adjacent stator pole face within a stator group. Additional
advant ages of t hddiioasleidvartapes of ihe presemtlintzatomwilt badileyeaiiyappan¢entt® t hose
skilled in this art fromthe follow ng detail ed description, wherein only

the pref eEHOEé’fl?fulégﬂﬁitfﬁ%a&ﬁ%fm&ll%%ﬂdwﬁ@aétmbdi Rsatoion, whdeidoanrthded, sinply

by way of 10 illustration of the best node contenplated of carrying out the
it rorent BFERTAREm AR Bt 6 Eenllfin RAGE A eeb o BARl A flpiner aNC
modif i:()a t (ijlﬂlitr;t?onvo%rﬂilg ll)JeSst r%gzileia go%%engp gl%g g% csarrylarlgI ou\{m.tﬁehn?\llje}ntigr?pgg %viil?ge

realized, the invention is capable of other and different embodiments, and its several

details are capable of modifications in various obvious respects, all without departing

from the invention. Accordingly, the drawings and description are to be regarded as

illustrative in nature, and not as restrictiye.

WDC99 576743-1.057357.0015



fromthe invention. Accordingly, the drawi ngs and description are to be
regarded as illustrative in nature, and not as restrictive. WC99
576743- 1. 0%/B8H850015 WO 03/ 085807 PCT/ US02/ 09624 8 Bri efrdissoeiopi2iton of
Drawi ngs The present invention is illustrated by way of exanple, and not by
way of Ilimtation, in the figures of 8he acconpanying draw ng and in which
| i ke reference nunerals refer to simlar elenents and in which: 5 Fig. 1

i's a plan glid@eséniphorfofDaivingand rotor |ayout of a preferred enbodi nent
of the nmotor of the present invention. Fig. 2 is three dinensional

perspective di agfamdaht hbéntdhat Mus@itdd bphay opetsnplstand abubeway of he
enbodi nent of Fig. 1. Fig. 3 is a partial cutaway diagramtaken at a

section of. Fig. 2 ' ik afd e hidh Gike feféBfeePr esent
i nventi on.lmll—#agl.onﬂmidslé gggggéﬁg’lg%%@alnégg?gﬁlﬁ%fﬁl di agram iei | ustrating the
nmotor structure of, the | nvgq%%&g particul arly suitable for use in driving
Andde &
4

a vehi cl e DRASENS refergo sinilar e ew of the notor structure shown
partially in sectionin Fig. 4. 15 Fig. 6 is a pe spef;ti e uﬁtj]isid vi ew of
an assénbl ed wisg!l iswplérodisgrag Ofe&ﬁ?!téfsmﬁ‘gfoﬁ%éayﬁﬁ{) a IR e&@%&?’ga Egnﬁith t he
present invention. Fig. 7 is a block diagramillustrative of a control

syst em f orofdllid Mbttg of ti predent invaftionhe present invention. Fig. 8 is a
schematic plan view of an alternative enbodi nent of the present 20

:og?/gn;iaiopsi N Whiig M {shiRrek AtRénstMAPdr§REt Fefiag@ineo fehesthiop amdroadr pgtooups  of
structure of the embodiment of Fig. 1.
Fig. 3 is a partial cutaway diagram taken at a section of Fig. 2, illustrating the
10 stator structure of the present invention.
Fig. 4 is a partial detailéd sectional diagram illustrating the motor structure of

the invention, particularly suitable for use in driving a vehicle wheel.

Fig. 5 is an exploded view of the motor structure shown partially in section in

Fig. 4.
15 Fig. 6 is a perspective outside view of an assembled wheel hub housing
enclosing the motor in accordance with the present invention.

Fig. 7 is a block diagram illustrative of a control system for driving the motor

of the present invention.

Fig. 8 is a schematic plan view of an alternative embodiment of the present
20  invention in which the rotor comprises separate electromagnet groups of pole pairs

which surround via a radial air gap a permanent magnet stator.

Detailed Description of the Invention

Fig. 1 is a plan diagram of a stator and rotor layout of a preferred embodiment

25  of the motor of the present invention. Rotor member 10 is an annular ring structure

WDC99 576743-1.057357.0015



whi ch surround via a radial air gap a permanent nmagnet stator. Detail ed
Description of the Invention Fig. 1 is a plan diagramof a stator and rotor
| ayout of wa @rosfserred enbodi nrent 25 of the notor of the pcagesw/odarvention.
Rot or menmber 10 is an annular ring structure WDC99 576743-1.057357. 0015 WO
03/ 085807 PCT/ US02/ 09624 9 havi ng si x®een pernmanent nagnets 12
substantially evenly distributed along cylindrical back plate 14. The

per manent havigpeixseeapermatont mpghas12 subistantizldy eventy disiribwsd AONEC pol arity

al ong the inner periphery of the annular ring. The back plate conprises

magnet i cal JkrMnd}ﬁ;famh|p¢atéf@h.etrh@beﬁxﬁ%nt&ﬁagnefs aacraonmiesahitaltematerin path 5
bet ween ag acent perrnanent  magnetic poles 12. The rotor surrounds a stator

e o Jpasffi é@%@&iaﬁ% (1 R pUTRIRRRY of (HELAAISCRA! AneBabyplater adi al air

gap. Stat seven nts or groups of pole pairs 22 of

uni formconstruction t.hat are .evenly. dj L byt L#i, gap. Each
stator gr w&pga?ﬁj}l?%@g“j{yg%eﬁﬁ%@? ?‘atf?gﬂg‘%{e%“péé&ggé‘ﬁg@ g@% IHE}%? gr e 24 having
two pole faces 26 at the air gap. Each stator group 10 .structure i

separ afe, betweenrgdircentsrmynens BRI Poissdih ;@Fég@ﬁf"&&%‘ﬂ?)g ?tafﬁﬁglqng)ﬁg of the
pol e pairs are wound with w ndings 28. The w ndi ngs of each stator group

are connexy, e rbiogehdentos meatbersthelig sspatateddyeoadial ais &en- Vg8 2Qhen connect ed
to a dc source of energization. The wi ndings are configured to provide

Opposi t e NQkidHssLvEn eleRlefsiok ighsupt of pble ppivs 22 obiinifamiropstiustipaithat atcher eby
form ng an el'ectromagnet. Reversal 15 of polarity of energization effects

g P TIAIE eI b 0 A R i 0,
bet voon  URBSTSHAFGCre BV BHE B et it B Back SR gty oF CE5
10  structure is separate, and magnetically isolated, from adjacent groups. The legs of the
pole pairs are wound with windings 28. The windings of each stator group are
connected together so as to be simultaneously activated when connected to a dc source
of energization. The windings are configured to provide opposite north/south
polarities to the poles of each pole pair, thereby forming an electromagnet. Reversal
15  of polarity of energization effects reversal of the magnetic poiarities of the pole pair.
Appropriate timed switching of stator winding energization along the radial air gap
effects electromotive force generation through interaction of magnetic forces between
the stator and rotor across the air gap.
The rotor permanent magnet poles are all of uniform angular extent along the
20  air gap and separated from each other by angular gaps of uniform extent. Subject to
these uniformity relationships, the actual dimensions of the rotor pole faces and gaps
therebetween are variable and can be optimized in accordance with application

environment. It is to be understood that any even number of rotor poles may be

employed, sixteen being shown in the Fig. 1 simply for purposes of illustration. The
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The rotor permanent nmagnet poles are all of uniform angular ex

the 20 air gap and separated from each other by angul gr gaps E)?nhn?:‘gp%
extent. SolgBo8s800 these uniformty relationships, the amararsodioyemsi ons
of the rotor pole faces and gaps therebetween are variable and can be
optim zed in accordance with applicati @A environnent. It is to be
understood that any even nunber of rotor poles may be enployed, sixteen
bei ng showsaion pbleefadeis@re dll of upfoymfapgulpuexpernierrebratly pfa differeng Himepsion \Wpeog
576743- 1. 057357. 0015 WO 03/085807 PCT/ US02/ 09624 10 stator pole faces are

al | of uni §onmARYHeAbLIRRhENEs pdé efcer ably of a different dimension than
that of the rotor angular pole face. Stator elenents 24 are secured, in a

manner more Tl Sadight 594 R/ EhIBL iR manh & Mo FAgAEbECMriiaar eabl o

gggfﬁgbrztructuTh Iere 'th stator elenents form 5 an annular ring

i on. e poles within each t '
gaps {hat i enommeeieAly PareBieSeororoy e Rt the s pReplepleas it 12, O
different fromthe spacing between pol eﬁ, of I{ild' cent stator gr s. The
stat or Pol engapsdang copfiguratiepadhageles vaheLgan aéaf%Fﬁoé’#?taI? FEAT e ot or
angul ar pole gaps. The radial extent of the stator annular structure
i.e., the didiilappetiacarseniform feralbstatongroeps. diteraxtent of these gaps é‘tf[’}%’?r&m ially
| ess than the distance between the center axis of rotation and the inner
di amet er ofgdueShadifg bethebB poles af adjelit stator groupadited stasorpale safisBAsi on
provi des a favorable concentration of flux within each stator el enent

structure foc¢ us%?&ggé ?rr%}égc ; i&"fereﬁi@?‘lomaﬁe }’c%ctfnt uRk pblRigaps: OTHd @diabéitent, and

;?gugts)s&ngfr?ﬁp t ans orrrgr ux effects from adjacent stator pole
( orque out put can be effigi ' T aisi vel
i ndependentof HRe-H4ST FHuyar SEECifeo RN ﬁ%&%\ﬁéé&‘ﬁ?ﬁg“s%f%%doé&%rncg%nétgtsbirsl \;;gl es

permts flexibility in setting the nunber of : ' ' '
10  substantially less than the dl%tance between the centQP Ellxelss of r%gatglnrragg e HRer wiile

diameter of the stator. This relatively narrow radial stator dimension provides a

~ favorable concentration of flux within each stator element structure focussed at the air
gap. By virtue of this conﬁguration,‘and the absence of stray transformer flux effects
from adjacent stator pole groups high torque output can be efficiently obtained.

15 The relatively independent dimensional relationships between the stator and
rotor poles permits flexibility in setting the number of poles and dimensions. While
an odd number of stator pole groups is preferred to enable optimum performance, this
number is by no means limited to seven, as shown for purposes of illustration. ‘
Similarly, each stator pole pair group may comprise a pluraﬁty of pole pairs sharing a

20 common isolated magnetically permeable structure, there being an even number of
poles in each group. In an operational environment in which it is desirable to obtain
fine control over a wide speed rénge, a large number of stator and rotor poles can be
implemented. Such implementation can be coordinated with the control capabilities
of control system to be used, the number of separate stator groups also being _set

25  accordingly. Although the motor can support a variety of specific applications, the
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an odd nunber of stator pole groups is preferred to enable optinum
performance, this nunber is by no neans limted to seven, as shown for
pur poses W Wslssswrration. Simlarly, each stator pole paiRCTUSHRPIGTRY
conprise a plurality of pole pairs sharing a 20 common i sol at ed

magnetical |y perneable structure, therlel being an even nunber of poles in
each group. In an operational environnment in which it is desirable to
obtai n fijngefiRALS 6f pRti@ilaradwintegeopeedlity fordsivieg # seljelentiherein the mo{%t or and
rotor poles can be inplenented. Such inplenentation can be coordi nated

with the controliGanad Within@Svheef. Tindonetntsy sitenardctier membicrs ihsichunber  of
separate stator groups also being set 25 accordingly. Al though the notor

can support a variety R L CAt. t i RHShce from th
S76745 1. oA s AR AL bl R e B e o o

particul ar advant ageo tility.for drivin L Cl WhshEd tor
structure #4ds ﬁ%ﬁ?éaé’@nw%;ﬁiﬁlﬂgﬁn @@pgtewgvtdgggrgﬁ¥§?é&rt§? or an‘gdag?t %Pag%mnenbers

in such an environment are |ocated at the el .ri .al., a substanti al

radi al Sdi splaradiey 6f individval roisa andstatergrolgs; Bs &ﬁgaﬁ%fg‘]@“‘?ﬁl i°8ﬂ§?§r provi des
anple roomto accommodate a large 5 plurality of individual rotor and
stator poles, tHhigs2ieapérspativagie ebaroior ang stafor eesambly of themgtory s g
perspective view of a rotor and stator assenbly of the notor enbodi nent of

Fg. 1. ThFrnﬁ&gHJeﬁfofrI%.of.1Tﬁ@&hﬂﬁiWOQM@ﬁ@bﬁkWtamé apéperaeent  magnet s
12, is enclosed by a ring housing nenber 30, which may be fornmed of

al um num or_ of her, non 1G4 Shdnfiés 30BN Eich Alay béVibimad dfhi s
cylindri capla%‘%lﬁﬁz’fﬁe%c{fg%gﬁgrag?ﬁgt}?ggig%at or groups areyri gidly secured by
two plates 32, only gne of whi

U ow of ¢ helnatiasBr eet oy st nap RO matafl dyidin flsty }iﬁ%ﬁ%ﬁ g’ft‘?ugimg%/
the axis of rotation. Each plate 32 is a of rigjd circul ar opfiguration
havi ngl@n stmeuredihastatargrouns ate dgidbiseayred by SR 8%&5390#13911? P gwglé:h'? %r t hat
shown in Fig. 2. Fig. 3 is a cutaway view of the stator structure taken at a section
intersecting shaft 34 at the axis of rotation. Each plate 32 is a of rigid circular
configuration having an outer diameter and a circular cutout portion at its center that
forms an inner diameter. The inner diameter is sized to fit the stationary shaft 34 and
15  to be affixed to a shaft member. Along the plate periphery, the plate is provided with
holes appropriately spaced to mate with correspoﬁding through holes in the stator
elemer.lts. Each of the plates 32 is secured to the shaft 34 and spaced from each other
appropriately to be secured to, and sandwich, the pole structures 24 of the stator
elements at each axial side thereof via the mating holes. The plates can be selectably
20  removable to facilitate removal and replacement of an individual stator element that
may become damaged or in need of repair, without replacemgrit of the entire unit. As
each of the stator elements can be made interchangeable, maintenance of the stator is a
relatively simple matter of inserting a spare stator element at the appropriate mating

position between the plates and connecting the ends of the windings.
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forms an inner dianmeter. The inner diameter is sized to fit the stationary
shaft 34 and 15 to be affixed to a shaft nenber. Al ong the plate periphery,
t he pl at ewioso3psssorded with hol es appropriately spaced to raaresoaiodr4

correspondi ng through holes in the stator elenents. Each of the plates 32
I's secured to the shaft 34 and spaced fzom each other appropriately to be
secured to, and sandw ch, the pole structures 24 of the stator elenents at
each axi al si depl?hﬂsepﬁlop@j @tdiled sseidnapdibglmsillustheingltisd metor atrudvereé| ect abl y
20 renovable to tacilitate renoval and replacenment of an individual stator

element s cfRMERYFE HRARGh, HardliRGaditdlc kRaL n ditihgaveniclep! acement

of the entite unit. each of e stator elenents can be nade

erchanggatl o oL SRRSOl SRR SE R, ARIBHEL S TRl e e

he "appropria ing position

between the plates and connecting the ends of the w ndin s..V@&p
576743- 1. oﬂa@s P20tatsr sipchseDEs Wrﬂéwgﬁég’z?fé §8‘?&m"*¥ ?’“g‘i“ggo%“}gs a?Om)r e
detail ed sectional diagramillustrating the notor structure of this
enbodi réent whichtansulanmotorttiackplateddtand peemangntmpgnety &2 are attpehed; Housing g a
vehicl e wheel of an autonobile, notorcycle, bicycle, or the |ike. The

st at i onar yjs5hahhlléto thobafias &ch skleaf platest3Ruhtougk bushings3é anidipdanmps 28, are
contai ned within housing 40, to 5 which annul ar rotor backplate 14 and

permanent &gg in34® BiheGheHortibRYst MHcidéle wiheell tRatirBRtdseab driveh he shaft
'g% gﬁ%foéltglg 32 througﬁoblushi ngs 36 and bearings 38. Thus

on each si

housi.ng 40_forns, si de pprt.i f Lehy 2 Lesohe@f dri ven

t hr ough thg“?‘fﬁhotp?r %aﬁowﬁﬁ3§4?ﬂ$ﬁ§§] b?%sgnﬁgé%ﬁg%%g@%&ihg rigidly
attached to housing 40 and the rotor, and fupctions,.as a rimfor fitting a
vehi cl e ti heusimg 4P amsl the refar, apd Ek’ﬁrlsase%f Wfé\/é"b‘fnﬁ%flﬁé‘ Vr?‘B‘tcier tirgy P”E&:?d? & shown
partially in section in Fig.- 4, while Fig. 6 1is a perspective outside view
of thel@ss exjlbdal vibweif theubotoostriature stowmpatieHy posectiomin Fig. 4, while Fig. 6

is a perspective outside view of the assembled wheel hub portion. Connector portions
42 are provided to illustrate use of the motor in a bicycle type environment each of
connector portions 42 can be affixed to a respective portion of a bicycle fork. The
&rawing figures also exemplify the use of various standard washer, nut and bolt

15 elements for assembling \}arious elements. It is to understood that any appropriate
means well known in the art can be used for assembly of the various elements.

Fig. 7 is a block diagram illustrative of a control system fbr driving the motor
of the invention of the embodiment of Fig. 1. Energizing current for the individual
stator electromagnet windings 20 is provided by battery supply source 50. Although

20  switched energization of the stator windings can be implemented using a well known
mechanical commutator arrangement, electronic switching circuits have become
commonplace and provide superior control advantages. It is preferable, therefore, to
connect stator windings 20 to battery 50 through switching circuit 52. Switching
circuit 52 may comprise any well known controlled bidirectional electronic circuit

25  capable of supplying battery energization, switchable in polarity, individually to the
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42 are provided to illustrate use of the notor in a bicycle type

envi ronnent each of connector portions 42 can be affixed to a respective
portion oWwomsmssspcl e fork. The drawi ng figures al so exenmmdfysoches2use of
vari ous standard washer, nut and bolt 15 elenents for assenbling various

el ements. It is to understood that anyldppropriate neans well known in the
art can be used for assenbly of the various elenents. Fig. 7 is.a block

di agram i | mesdmeinidings,oinder acomirol of confrotleride drondrollen Hyprefrsathp EPRPTISEF 2t he

i nvention of the enbodinment of Fig. 1. Energizing current for the

i ndi vi dual migbaséffollet, esitfoprm@net omihedike gist 2éh bsprogumimetiolayplyat t ery suppl y
source 50. Although 20 sw tched energization of the stator w ndings can be

i mpl enent qu%a{)@%aﬁ aifdd ¢ ﬂem%nm%w{cﬁﬁig SRINYD & AcorTahangRIENt |

el ectronic g clrcuits Rave become  comonpl ace and provi de superi or

control adyaniages. |t is preferable, eref. t r

w ndi ngs dea%ac%ﬁgr@hgegsra%grlga@qogﬁtﬁ% ﬂr'?%fnglé ?183%@%@%%%%% (ISI?]%IQ circuit
52 may conprise any wel | known conglol | ed, bi di]&%cti on I1 ekectroni cC circuit
25 capabl ePr. sViFFUFPAGtIRSEROLE 2 KRS M the Art thafare.57RAYIE Of Arodusiag ¢y,
individually to the WDC99 576743-1. 057357. 0015 WO 03/ 085807 PCT/ US02/ 09624
13 notor winndomfgsdback signals fertutidizatign ksothe contraller.sResobyiOp df fUPIeA0 pr ef er abl y
conprises a mcrocontroller, mcroprocessor or the like that can be

pr ogr amed rétateani totorddpndpichathek yighalshlicaive obtoted apgalas positieni These ng
circuit 52 in accordance with feedback signals generated in response to
the rel ati VWEITER { tedy foR sy by ¥elcoMusllepoThé i on sensors
are known |g fgﬁe arth?ﬁﬁygﬁgd?a%a%%@g%e&oduci n}g,; not or feedback signals
for utilization by the controller. . i t W th
rotor 10 aﬁﬂn%@}?é¥ﬁlf E\%prsol“ ik &{l%nodllt@gt% ?b}é%gq{ ﬁ?jg%l %P@ﬁ%ﬁl glrs tggg ?%F%%& These

signal s are encoded by encoder 58 appropriate .or use.b he conttoll er.
Thg 10  with the received encoder signals, bage% onp tlile spec%ﬁ/c élmensmnal cgnfriguratmn bt

the stator elements. Programming can thus take into account the number of stator and
rotor poles, the number of stator groupings, the dimensions of the stator and rotor
poles and the dimensions of the various gaps in the motor structure. It has been found
that the superior motor torque and speed characteristics obtained from the above

15  described structure operating in the optimally programmed controlled electronic
switched mode enables satisfactm.'y operation even if an individual stator element
group cannot function. Thus a vehicle in such circumstance can continue to be used
until such time as it is convenient to replace the stator element part.

Fig. 8 is a schematic plan view of an embodiment in which the rotor comprises

20  separate electromagnet groups of pole pairs which surround via a radial air gap a
permanent magnet stator. In this respect, this plan view is similar to the structure
disclosed in the inventors' copending application, serial number 09/571,174 filed May
16, 2000, the disclosure of which hereby is incorporated by reference. The structural
arrangement and assembly of the elements of this embodiment are analogous to the

25  embodiment illustrated in Figs. 2-6.
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controller can be programmed to output optimally timed control signals to
be matched 10 with the received encoder signals, based on the specific

di mensi onalo @3asfsogur ati on of the stator el ements. Programadmmgsoeass2t hus
take into account the nunber of stator.gnd rotor poles, the nunber of
stator groupings, the dinmensions of the stator and rotor poles and the

di mensi ons Of T ey KALLAS: NS id ot NS BEREH SHE bk Eredlchnuif,diges} 1 ound

that the superior no orque and spe arac iStics optained fromthe

above 15 described structuyre operati in the optimnall r ogr. amred
control | ed! I”é‘fﬁ“ﬁ%f“l‘{ blg\#%‘ﬁ ﬁ%‘g“ﬁﬁlﬁ%‘é{qgﬁéﬁ%@ysgﬁlﬁ EO@&F%‘P&O& &4theon even if

an individual stator elenent group cannot function. Thus a vehicle in such
ci r cunst and¥erizon 18 eanapled uswinparigeeather gambina orsandienwiregnénts and igonveni ent

to replace the stator elenment part. Fig. 8 is a schematic plan view of an
enbodi ment capablstoif charigheormbdificationpwitbiaghe sHOps epihe atventdveavntepagnet gr oups

of pole pairs which surround via a radial air gap a permanent magnet

stat or.5 | netdibed BHHIAC For &bl habhn\He@iPpiediattld Mhk AotdrQrieindrtivh i Be
di sclosed in the inventors' copending application, serial nunber 09/571, 174

filed May ize % 9W1<Eé]r€1n€é gfgakgﬁ&ﬁ 8n501L a%itign toh\%h?rﬁ%( g/ﬁxgefsl ?ﬁgf&f{sat ed by

reference. e structura anglement and asse el eéments of this
enbodi nent _ar.e gnal ogous to the 25 odiment jllustrated in Figs. 2-6.
WDCO9 5767BIICregs R4RS TpRlersentadn oS %@%&P@Tﬁﬁ%ﬁ FeSRimotsd e stait; 5
di sclosure there is shown and described only preferred enbodi nents of the
i nvent i on aiher splicaions may tiadpd wantageoystutilipewslathe|statgr sumrpuriding the platonnder st ood
that the invention is capable of use in various other conbinations and
envi r onmenThuspitds withindtheadntenpibtionhd tigeiaventiontiht Bachdhnedasd vitehanmulahe scope
of the inventive concept as 5 expressed herein. For exanple, as can be
appr eci@t ephembBEmBEPESHpk cithd thdWABF r3Btof @Rd M8y comprise either the group of

electromagnets or permanent magnet ring. Also, while wound salient poles have been

illustrated, windings may instead be provided in a non-salient slotted structure.

It should also be appreciated that particular electromagnet energization
sequences can vary depending on various considerations. Energization of the
15  electromagnets may be switched sequentially along the air gap periph’er}; or in a different

order. Flectromagnet groups may all be energized at all times, although switched at

individually programmed times. Conversely, individual electromagnets may be de-

energized at predetermined sequentially induced, randomly induced, or non-sequentially

induced intervals.

20 Although the present invention has been exemplified herein in the context ofa

direct current motor, one of ordinary skill in the art would appreciate that the principles

described are applicable to synchronous type alternating current motors and motors

having wound elements energizable by a variety of pulse waveforms. Thus, the source

of electrical power for driving the motor is not limited to a battery, buy may include, for

25  example, an alternating current source. Such an alternating current source can be
WDC99 576743-1.057357.0015



utilized in a wide range of applications in addition to vehicle drives.
Wiile it is preferred, in the inplenentation of a vehicle drive, that the
rotor surwowsdsstdee stator, other applications may find adkansagesis
utility with the stator surrounding the stator. Thus, it is within the
contenpl ation of the invention that eath inner and outer annular 10 nenber
may conprise either the stator or rotor and may conpri e,eithe% t he group
of el ect r estmanet o directparmsine pulsasgreform swply o @8 bewssd Wit s al i ent
pol es have been illustrated, w ndings may instead be provided in a

non- sal i entoSLRINAE dilE tHetnister asldn atthouing @ireot dyeclrppousaicieed t hat
particul ar el ectromagnet energi zation sequences can vary dependi ng on
vari ous considerations. Energization of the 15 el ectronagnets may be
switched sequentially along the air gap periphery or in a different order.
El ectromagnet groups may all be energized at all tinmes, although sw tched
at individually programed tines. Conversely, individual electromgnets
may be de- energized at predeterm ned sequentially. induced, randomy

i nduced, or non-sequentially induced intervals. 20 Al though the present

i nvention has been exenplified herein in the context of a direct current
notor, one of ordinary skill in the art would appreciate that the
principles described are applicable to synchronous type alternating
current notors and notors having wound el enents energi zable by a variety
of pul se waveforns. Thus, the source of electrical power for driving the
notor is not limted to a battery, buy may include, for 25 exanple, an
alternating current source. Such an alternating current source can be
WDC99 576743-1.057357. 0015 WO 03/ 085807 PCT/ US02/ 09624 15 converted to
direct current or pul se waveform supply or can be used w thout such
conversion to drive the notor as an alternating current. synchronous notor.
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WDC99 576743- 1. 057357. 0015 WO 03/085807 PCT/ US02/ 09624 16 CLAI M5 What i s
claimed is: 1. Arotary electric notor conprising: a stator configured in

t he form w0 @mwsssonul ar ring of groups of el ectromagnet pacasysoziss2gr oups
substantially equidistantly distributed along the angul ar extent of the
annul ar ring, each of the groups conprik®ng magnetic material nmagnetically
isolated 5 and separated fromthe other groups; and an annul ar rotor,
concentric vvithﬁﬁém_s.s of rotation and concentric with the annular stator
to forma radial air gap therebetween, conprising a plurality of permanent
magnet pol e&hstibslaane¢d st |y equi di stantly distributed with alternating
magnetic polarity along the angul ar extent of the air gap, the pernanent

nmagnet pol es 10 haxirbdrPele@ARRIBIGFRGRPishg! €t urn path; wherein each group of
el ectromagnet pol es conprises w ndi ngs tf%at are switchably energized for

driving electr Org)§t£tgtec(;d}f%ﬁfeﬁcigiglg@fo%tc1%ﬁ ’Amilhﬁr Vﬁﬁﬁo@é%f elefhhaget A

rotary electric notor as Teci Inclarm ch stator®group
conpri ses no.nopre than Si e pair of poles, ch pol e having, a.w nding
Contt gur ed PO 116 s sabettiLy sBiaisiyy B Eaons PRarea it Splnr 1
of the other pole of the pair, wherein switched energization of the pole
pai r wi ndi rigneler Bag.saek oEthe groups comprisingmpsaeticompigrialmagnsticadly isiaedol e
pair. 3. Arotary electric notor as recited in claiml1, further conprising
a rotor 5 posidtseparateé fioar thewkter groups;iagidal s for swi tching energi zati on of the
w ndi ngs are .
an annular rotor, concentric with an axis of rotation and concentric with the
annular stator to form a radial air gap therebetween, comprising a plurality of
permanent magnet poles substantially equidistantly distributed with alternating
magnetic polarity along the angular extent of the air gap, the permanent magnet poles
10 having a common magnetic return path;
wherein each group of electromagnet poles comprises windings that are

switchably energized for driving electromotive interaction between the stator and

rotor.

2. A rotary electric motor as recited in claim 1, wherein each stator group
comprises no more than a single pair of poles, each pole having a winding configured
to form a magnetic polarity opposite to the magnetic polarity of the other pole of the
pair, wherein switched energization of the pole pair winding effects reversal of the

5 magnetic polarities of the pole pair.

3. A rotary electric motor as recited in claim 1, further comprising a rotor
position sensor, wherein signals for switching energization of the windings are

generated in response to the sensor.
WDC99 576743-1.057357.0015 ‘



generated in response to the sensor. WDC99 576743-1.057357. 0015 WO

03/ 085807 PCT/ US02/ 09624 17 4. A rotary electric notor as recited in claim
3, wher ei wos@iodsg00si ti on sensor conprises a resolver; andcaarsh2ovR20r
further conprises an encoder for gener;ﬁing said signals. 5. Arotary
electric notor as recited in claiml, erein the angul ar di stance between

pol es of each stator group js substantially.unjform.throughgut

periphery of . fhé otayglechisdnefdf ?%‘iﬁglt‘?‘ﬁ&‘#aﬂﬂg’é{&'ﬁfﬁl%?al‘gpgﬁlg%%see (grtween
stator poles of adjacent groups. 6. Arotary electric notor as recited in
cl ai m 5, whemprisestalresodvegul ar di st ance bet ween pol es of each stator group
i s i ndependent of the angul ar di stance between adjacent pernmanent nagnet
pol es of the rokad said mofor fatthentcoaipets incenwpdarforgenemting eddisignglsai m 6,
wherein the angul ar di stance between poles of each stator group is

different fromthe angul ar di stance between adjacent pernmanent magnet
poles of the rotor. 8. A rotary electric notor as recited in claim1,

wh i h I h 4 i - i I
erein Lhe stator, POk GRoRPhe dAER MENUiRRiA hosskRBkiALL Y equa

angul ar di st ancé;' e rotor pernmanent magnet poles
have pol e faces extending in substantjally.equ apqul ar [ al ong
the air gapetwasa pgkggfg@c%é}qt%rrﬁrom 15SH stgqté}lg?.mﬁ"gqnéﬁg%\é@gu %e%éﬁ@llfeﬁ/er ent 5
fromthe angul ar extent of the rotor pole faces. WDC99 .

576743- 1. 057 &AL MAITES/ OS5 86ARd dsprsosygen sjgor poles of adjacent

groups.

6. A rotary electric motor as recited in claim 5, wherein the angular distance
between poles of each stator group is independent of the angular distance between

adjacent permanent magnet poles of the rotor.

7. A rotary electric motor as recited in claim 6, wherein the angular distance
between poles of each stator group is different from the angular distance between

adjacent permanent magnet poles of the rotor.

8. A rotary electric motor as recited in claim 1, wherein the stator poles have
pole faces extending in substantially equal angular distance along the air gap and the
rotor permanent magnet poles have pole faces extending in substantially equal angular
distance along the air gap, the angular extent of the stator pole faces being different

5  from the angular extent of the rotor pole faces.
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9. Arotary electric notor as recited in claim8, wherein the stator pole
faces are separated by gaps, the gaps between adjacent stator pole faces
wi t hi n eawlo @rossgp7 bei ng substantially equal and differentpdwesmnode4 gaps
bet ween adj acent stator groups. 10. A roqgtary electric notor as recited in
claim9, wherein the rotor pole faces Hr e separated substantially
uni formy by gaps, the gaps _ between adj cer]t. rotor pole face ei ng
di fferent from the FIPY PestiewRtords HeERT st %H‘bg’ rgnft]éecg_aw P%F 245 st at or
group. 11. A rotary electric notor as recited in claim1, wherein the rotor
surrounds arheepstageddry. gap8. thé\gapsthetweesladipcentstatertnole fses withinedch groepai m 1,
wherein the nunber of stator groups is an odd nunber and the nunber of

pol es Wi t hingirganbstaitailgreqoalomy differamt fisne the gapsbetweed 3djadent stator grazpect ri ¢
notor as recited in claim1, wherein each stator group is individually
secured in the stator annular ring structure, thereby facilitating

i ndependent renoval and replacenent of an individual stator group and a

switched energi,zatjon. circuit S j tﬁg . i th A rotary
el ectric notor a@ AE?Q'fl%’cfl?cgﬁcclllléf)og;ag%,%Ré&]glrcz%ﬁ{ %al r%?ﬁ)&%&ﬁ% h%fréces
conprises: a plate nenber; and. a shaft nenper |ocated gt the axis of
rotation; WW@PM@@%}%@?@ i WSB‘?%%% W@Wﬁﬁg@ﬁ/rﬁ@éﬁﬁle 19 5
wherein each of said stator groups is secured to said plate nenber at a
spaced radaes bdingtdafferent framthgapa besvesh adigecnt stefor paledface within a stator

group.

11. A rotary electric motor as recited in claim 1, wherein the rotor surrounds

the stator.

12. A rotary electric motor as recited in claim 1, wherein the number of stator
groups is an odd number and the number of poles within each stator group is an even

number.

13. A rotary electric motor as recited in claim 1, wherein each stator group is
individually secured in the stator annular ring structure, thereby facilitating
independent removal and replacement of an individual stator group and a switched

energization circuit component associated therewith.

14. A rotary electric motor as recited in claim 13, wherein said motor further
comprises:
a plate member; and

a shaft member located at the axis of rotation;
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said plate nenber is attached to said shaft nmenber. 15. A rotary electric
notor as recited in claim 14, wherein said spaced radial distance is

gr eat er twano3tosssor adi al di st ance between inner and outer lraIMckRg9I624

di aneters of the stator annular ring. 16. A rotary electric notor as
recited in claim13, wherein said notok?further "conprises a rotor housing,
the rotor annular rotor being nmounted within the housin t a spaced

radi al 5i st ancewherein dakk ofisdid stefor grstias ISFRCUTEH i %%P‘@E?t%gmﬁ%fﬁéﬁﬁ@“%fe
journalled for rotation about the shaft through bearings. 17. A rotary

el ectric npiol dReMmceGom Bt akislf aotaticn; mod or, the motor conprising: first
and second annul ar ring nenbers concentrically arranged about an axis of

rotation and sepag ?Ia‘?éjmfeﬁl%? ©aRkHe8 Redaidsha@manbal ai r gap; -wherein said
first nmenber conprises groups of electromagnet poles, the groups 5

substantially equidistantly distributed along its annular ring, each of the
groups conprising magnetic material magnetically isol ated and separated
fromthe other roups; sai d second mepher conpi [ YER

per manent rragneﬂg-pél 1Rtary glGpEIC APRIPLAS THCEG IR 8@&?”% ?’jﬁ/&aﬁlﬁgﬁ%géégﬁ%'g{ h
alternating magnetic polarity along the air 10 gap, th %rnanent magnet
pol es havi digtance srarestemthgntheiredipledistrirePstweea| Yy ap guteéﬁ‘ﬂ& Y ring; and
WDC99 576743- 1. 057357. 0015 WO 03/ 085807 PCT/ US02/ 09624 20 wherein each

group of elipgidiQ@uBOnRstd 6! Maukepgi ses windings that are switchably
energi zed for driving electronotive interaction between the first and
second nenbers in accordance with a preset sequential, non-sequential or
random

16. A rotary electric motor as recited in claim 13, wherein said motor further
comprises a rotor housing, the rotor annular rotor being mounted within the housing at
a spaced radial distance from the axis of rotation, and the rotor housing is journalled

for rotation about the shaft through bearings.

17. A rotary electric motor having a stator and a rotor, the motor comprising:

first and second annular ring members concentrically arranged about an axis of
rotation and separated from each other by an axial air gap; wherein

said first member comprises groups of electromagnet poles, the groups

5  substantially equidistantly distributed along its annular ring, each of the groups

comprising magnetic material magnetically isolated and separated from the other
groups;

said second member comprises a plurality of permanent magnet poles
substantially equidistantly distributed with alternating magnetic polarity along the air

10  gap, the permanent magnet poles having a common magnetic return path along its

annular ring; and
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15 excitation schenme. 18. A rotary direct notor as recited in claim17
wherein the rotor surrounds the stator. 19. Arotary electric notor a1s
recited i wood3aisso18, wherein the stator conprises said fincarusanmed2ar ring
nmenber and the rotor conprises said second annular ring nenber. 20. A
rotary electric notor as recited in cld m19, wherein the annul ar st at or
conprises an inner boundary at a first radial distance.fromthe axis of
rotation and anwheeiheactbgronpaf glectrornagnetpaies somnrises windi (,tg;tfafebm the axis
of rotation, and the radial distance between the inner and outer

boundar i esyyighhiI§ SnéBpRd $6 diviig dléctoattitae imtesttorcbetwadn tha firgtandy el ectric
notor as recited in claim 18, wherein the stator conprises said second

annul ar ri ] ; - - . .
Tenber . m&gﬁ%@hg‘?%gséé%g%a%@% g/'ilﬂSl(é%Pé’et SR Gertiall, thohtsegiientinheri ramdon i ng

15  excitation scheme.

18. A rotary direct motor as recited in claim 17, wherein the rotor surrounds

the stator.

19. A rotary electric motor as recited in claim 18, wherein the stator
comprises said first annular ring member and the rotor comprises said second annular

ring member.

20. A rotary electric motor as recited in claim 19, wherein the annular stator
comprises an inner boundary at a first radial distance from the axis of rotation and an
outer boundary at a second radial distance from the axis of rotation, and the radial

distance between the inner and outer boundaries is less than said first radial distance.

21. A rotary electric motor as recited in claim 18, wherein the stator

comprises said second annular ring member and the rotor comprises said first annular

ring member.
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