28 September 2006 ROTARY ELECTRI C MOTOR HAVI NG CONCERERpetenb@idP®R MEMBERS
Field of the Invention The present invention relates to . rotary direct
current electric notors, nore particularly to notors having first and
second annul ar ring nmenbers concentrically arranged about an axis of
rotation and separated fromeach other by am axial air gap, 5 one of the
menbers conprising separate magnetically isolated wound el ectronmagnetic

. pol e groups. Background Direct current notors have versatility in a w de
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. Electronic controls, such as

m croprocessor based systens, for a wide variety of functional applications
have becone comonpl ace. (¥ R3C MBTORH tas progressed, and

"the wversatility of electronic controls has expanded, the chall enge of

providing efficient direct ICONCENTRICRNNUOARGEMBERSEI cles, as a
viable alternative to conbustion engi nes, has ec re conpelling. US..
patent 5, 164,623 to Shkondin is one exanple of a proposed inplenentation
in which a notor is nounted on the-wheel of a vehicle for directly driving

the vehi cl e Fidldaf Bad BvbnggoP0ses that such an arrangenent can be
applicable to electric cars, bicycles, wheelchairs and the |ike. 28

Sept enber 2Q06 icall ontroll ed energi zati on of w ndi ngs of

direct ourrent ma;hgkge%%rgtgrg}reﬁgon %la?es to rotary dgrer_:t current electric motors, more
particularly to motors having first and second annular ring mémbers 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 éun-ent motors have !z;ersatility in 2 wide range of applicationé. The
| 10 availabifity ofa baﬁefy power source for dc motor equij)ped devices facilitates a

portability aspect that is not readily available for a-c motor drives. Electronic controls,
such as micropro,ces_sor based systems, for a wide variety of functional applications ﬁave
“become connnohplace. As development of the battery has ptogressed, and the
versatility of electronic controls has expapdcd, the che;llenge of providing efﬁcient direct

| 15 currept motor drives for \}ehicles, as a viable altemativé to combustion engines, ilas
become more cdmpeliing. 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 fér
directly c_iriving' the vehicle. The patent proposes that such an érrangerﬁent can Ee

applicable _to electric cars, bicycl_es,_wheelchairs and the like, -




t he prospect of nore flexible managenent of notor chakdbemembsari2@@ The use
of - permanent magnets .in conjunction with such windings is advantageous in -
limting current consunption. U S. patent 4,754,207 to Heidel berg et al.
describes a direct 5 current notor havi a rotor conposed of a continuous
ring of a plurality of permanent nmagnets successively alternating in
polarity. The st . risi a plurality. of . electronically sw tchable
el ect r omagnet poﬁieegéo?lgﬁg)ij CIOB&?#%T% P‘P'}/oé‘é fngs alflireeimmentanotorstoffermagnet s
by a radial ;air gap. .Several adjacent stator electromagnets form a phase
group. The fhﬁﬁéqsge‘g%@%ﬂ?ﬁ@ﬁmaﬂagea@}lh@femtoetlaumtedsﬁtgnﬁhe pelofs in each
group are in 10 surface area contact with each other to forma conti nuous
magneti c f | REUMBRGHE maghets hmmpmcmmmgﬂcﬁxﬁhdiﬁgﬂ'fsaaﬁna%aﬁ% ithig@nsi tion
poi nts between adjacent groups of electromagnets. Sensors det egt relative
rotational quaehtdomBurRBiol NS, {19 ta.lo control

i ST ik 499@?6’2?@1@%1(1619&8 ggzip (fﬁf%&e%% guec?

el ectronic switching of the individua romagn
El ect r osagn@tenfIgh@pPgi ' oup..are switched sinultaneously w'th
one 15 conmon el ectron‘{hggés&@cﬁ%&%?%e% °°§8F“@F6{?§.°%Wﬂﬂ?lﬂé§f5?maﬁ@ﬂ

el ectromag ' adj.acent groups are of_different phases and are switched
at differ eﬁ@?ﬁ&%‘@"é”@%ﬁh@?‘ﬂtﬂ}aﬂnipﬁ%mwm@h comprising a plurdlitiofig swi t ched
energi.zati OP is th avoi dance of unfavorabl e consequences such as rotation
i rregul ari C1€¥OMERy Byifghsble electpmagnet pelesiss sinturaforentlalty sephrated@on tHahase
w ndi-zngs can cause pul sating output 20 torque. Alleviation of these
ef fects, wirQthr magystsby s walislsir, gap 2 Behial GdjRbRathtddelectd | Akal ol t ching
all phases at different tinmes or by si mﬂit-aneousl ye swﬂ{a%ﬁténfg&ﬁc%}%\% n ,
wi ndi ng coglvupatTihe Mswik Haseds Sichsd fatifk VORELE: Gal.k ¥, about the stator
peri phery and bear cert ai n@%osflgl%i ong H%x@%ﬁ%l onsﬁéﬁi%%h@bﬁgoﬂg%%nt
magnet1pol agrRE ver. .sw tching of adjacent w ndings at
di fferent tines a{%&%&lﬁ?{ﬁ%e@&%ﬁ%{w "’e?cr"é'egeuwa&q%c drxpathgdbare | nked
to a Contié'igc us ma%netj c.circuit Patht_as . '

‘ Omagnetic circuit is broken at transition points between adjacent groups of '

e[ectroinagnets. Sensors detect relative rotational position between rotor and stator
elements to controi 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 concem in implementation of stator winding switched energization is the
~ avoidance of unfavorable consequencés such as rotation irregularities. For ekample,
“simultaneous switching of all motor phase windings can cause pulsating output
20 torque. Allgviation of these effects, with varying success, can be oﬁtain'ed by
appropriately switching ali phaée_s at different times or by simuitaneousiy switching
certain winding combinations that are distributed Syﬁuneuice_llly about the s_ta-tor
peripheryand bear c_:ertaiﬁ positional relationships with the pennanént magnet p(-).les of
the rotor; However, swit'éhing of adjacent windings at different times leacis‘ to .

25 detrimental effects if the windings are linked t_o a continuous magnetic circuit path, as




28 Septenber 2006 3 the flux changes due to the changreSepsmstiegaost i on of
the wi nding of one pole effects the flux of an adjacent pole. Heidel berg
et al. alleviates this problemto sone extent by grouping pluralities of
stator poles in separate nagnetic circuit paths. The magnetic circuit path
di scontinuity between adjacent groups effects an isolation of magnetic
flux, thus reducing transforner |ike gnetic flux interference between
groups. However, . where all poles of a group are wound and sw tched

si mul t aneous! phe fidx HIAG@E o Bangth RS- ABR ofthl Mnd&g'o%ne ;deee@@&?er g et al.
provi des nodifications in which sone poles of a group are not wound and/ or
t he pol e strutedireotin adlapenppiles within a group are not of uniform
configuration, thug.: i : . f torque .ripple and fl ux

i nterference bet V\Egﬁggﬁé éfcagﬁyé‘g%?sgélgs h%ﬁlq%%?efe%gegp?yo#gu%%cri fice torque
-.char act eri st i pleralitids of etwier polgadd ®parhte naupeeticeita, pafhk.The gapstiaciralit patpabi 1 ity
I's reduced. The upwound pol es do not ontrjbute to torgque and can
negatively i n?'&°8 m%%?tﬁg?rbﬁwe“bg‘foﬁ% s ﬁ’ﬁ’dﬂ%‘l‘%‘?fﬁﬁﬁ‘l‘mﬁﬁﬁ’gb% pol e

confi gur at i onretiiigf tra@tbintn Skd Hagneh ORIxDREertice Bbtwed BoupUdvRfetM t h noN-

uni form pol e w ndi ngs. Such configurations conplicate the manufacturing
process and VhsiHrIbPRISO! AEtoyp argpioned adsyitched sinpliangovsbrataygueitipplean i npr oved
Mot Of amenab! S AP 1RSCIFRANE BChilies AMAGARRM Fnilh sEld dofis 8R! 11 eXi bl €
operating characteristics. In the particular vehicle rrve ‘environnent, it
i s hi.ghly des# grakp &e ne woundnd/os thepole stpeture bf dlipotes svithin avgrdw sspeedf 1 ange,

whi | e mai nt ai nj: i gh.:t ofque. out pyt capahility. at m pi mum poweri °

consunpti on. %@%ﬂ gon\?ig %latclz né{hgrso‘?eé?mgé)t:ﬂ\?Sﬁ%cﬁsﬁgfoﬁq'?é\?gﬁfﬁr%gwg{%&ﬁ%vi de ready
accessi bi | i t ybetwoceh hdjacearpoled SSush mudificativhs @onfeiagicchistetistipd. rewant of parts
at a

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 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. 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

In accordance with one aspect of the present invention, there is provided a
rotary electric motor comprising: a stator configured in the form of an annular ring of
groups of electromagnet poles, the groups substantially equidistantly distributed along
the angular extent of the annular ring, each of the groups comprising magnetic
material magnetically isolated and separated from the other groups; and an annular
rotqf, 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




m ni mum of inconveni ence. Disclosure of the |nventi on23 Sepdectsrdetéce with
one aspect of the present invention, there is provided a rotary electric
not or conprising: a stator configured in the formof an annular ring of
groups of el ectromagnet poles, the groups substantially equidistantly
distributed along the angular extent of the annular ring, each of the
groups conprising magnetic nmateri al rré@netl cally isolated and separated
fromthe other groups; and an annular rotor, concentric with an axis of
rotation and concentric with the annul ar stator to forma radial air gap
t her ebet ween, subBwnirilseanigistangy disaibhted wish aloratnpeagnefiepmiaity poheée 28 Sept enber
2006 3a subs t th alternati magneti c
polarity al on%@ﬁ L& égﬁo u "déeé'ttﬁglg’ér%?&b %%%Q ttbO?eghgm ecof)ner}orrrlanr]laén EEﬁgmagnet

pol es havi ng ratuuqmtowhﬁagmth groupr(ﬂ‘telcctmnps@héa pomh@ﬁmmesem{bn@mwareof

G i ng. of ect PONBEN RS R BEY O BRLRBL TEeGrdEraia Sttt I

accordance wibtranot her aspect of the present invention, there |s provi ded
a rotary electric notor_ having a stator and a rotor, the not or _conpri si ng:
first and second I&ﬁ?ﬂ?FdéPC"’rWIH’ganﬁ*@ﬁ%”éP@t f Sbronserentiipvgntiqp, @Pﬁeawe‘dd%out an

~axis of rotatg ﬁﬁrﬁ&&tncﬁﬁ&&f}ﬁhﬁga‘;{a&%zﬁlaacijatop%'b%ot{?rect 8 Fhst B4d 93P

‘wherein said first nmenber conprises groups of magnet pol es, the
groups subst aaednd pryplasgog mpmbqﬂtdnyemhl@tly mgthbaﬁtmngms of wtagipmaridar i ng,

each.of the [ n i.c_nat et| cal | ol ated and
separated f r%rn&?&ﬁ q'F]rrgach%{rhf):u éuaatllI Y&l Eeéellﬁ%aﬁ%&r% %rﬂ%e ’ﬁ%ﬂ gss plurality
of pernmanent gragsef el@&bmsmtmmsaﬂié p@bpsysubsthmtistiysdqaidistapthpldistibhteddledg W t h

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 gap, the permanent magnet poles having a
common magnetic return path along its annular ring; and wherein each group of
electromagnet poles comprises windings that are switchably energized for driving
electromotive interaction between the first and second members in accordance with a

preset sequential, non-sequential or random excitation scheme.




alternating magnetic polarity along the air gap, the pg&bemtenabar 26@6gnet pol es
having a conmmon magnetic return path along its annular ring; and wherein
each group of electromagnet poles conprises w ndings that are switchably
energi zed for driving electronotive interaction between the first and
second nmenbers in accordance with a preset sequential, non-sequential or
random excitati on schene. 28 Septenber 2006 4 While each group of

el ectromagnet poles can conprise a plurality of poles, it is preferable to
provide-only a single pole pai r for each group. Switched energi zation of
only a single pol wi- ndi_n eversed, aids
change of nmagnet ?’gﬁgéo %1} I'es %ﬁﬁ%{ﬁ & Ioggcav#tg RBUt °de '%gl% eS 1¥

effects for tlhgre[m&bﬂqtopfoerrdepo!h(a Slnglalpble pkiag:neadh(grqmatmutcam atel-gmtu@-f the

i ndi vi dual pocl)fenlgal r if r.om ot\?@ tH el im nat ea a bux t ransf or mer
effect on an Ad]"a8&RP°EPEHR WHE "tcwge 8?’"5‘5?’9%'ﬁ'%’1er5{3 &lds shgnge gt

wi ndi ngs i s swadnefamblarifidset lr%qiélegf:vnl&ﬂﬂdélét@{b@k BBt &r e pakitharnbolehe group

el i m nates precludes any such effects within a group. By appropriately

tining the svACHEelG RN HiYJatonet e idbidal prlspaistiem ot RafegrodEoups,

. devel opnent Cﬁlmﬁ%@%'ﬂuﬂrﬁféfdﬁﬁ%ﬁé&%nfaﬁ’é@]@cehwr Hine @ﬁﬂafl@rof ki attained.
The precise optinum phase and sequence for tined swtc of particul ar

- groups is da%m@émndws@ﬁ spfieheg afheilapl lofhaddisional pelel paits Vﬂﬂmfthegmmla:tl on of

e ect romagnet el 65,38 SESLSTREL, PPa oByper Tanent magnet pol o5, spac ng

anong varius poles an Struct ur Al errel ati onshi ps. Upon
. determ nation of tB}appmpnmlmmmmﬂe swiich&hiinding egrigrcon fopeachaf gpeci fi ¢ not or
~configuration oupg%l enent at i on oLelaecsvm tching scheme can be nade

evelopment of smoot tromotive force throughout the motor is attamed.
The precise optimum phase and sequence for timed switching of particular groups is

dependent upon the particular structural configuration of electromagnetic poles,




dependent upon rel ative position between rotor and st @#8&eptebert20b6 ng may be
5 perforned by a nechani cal comutator or electronic activation in response
to signals generated by a position sengor. While various position sensing
means are well known in the art, any of which may be enployed to generate

such si gnal ﬁgnﬂah&tlﬂﬁ%l@{ pdles, Eé%@%%ong%%léﬁﬂ%tﬁe? siserpsef erabl e. The

resol ver output can then be a er to encode signals for

appl i cati on; m.Gl-opracessqr bhased ntrol circuit..1Q Wiile the present
i nventi on hglgé}{ﬁaet%%ﬁg%p P%’b@éf%?ﬂl %ﬁoﬁ ogg}el %%E‘W&Wf@@r‘g SHIPFICE & ons, it
I s advant ageous|y suitable for a vehicle drive in which the rotor is
structured t&PEHCBARECOHigugtionoimplementstivnsf asuiitghing sehemecan be mado usi ng f or
direct attachment- to a vehicle wheel. The annular rotor is thus at a
subst ant i al dapgadeat upati rlative pofitiombetiveermrotar anfl statdra Siwdtching lerybet or  housi ng
I's journalled for rotation about a 15 stationary shaft at the axis of

rotatiord t hpeofognedbpn m@hanitdl coMnfidiadir BRRtrohid abiVAdn it REpdrRL R siGRAIEPr | ses
per manent magnets, a |arge nunber of pernanent magnets can be

subst ant i al defe@iAya Ssitidn slaHﬁd?.dW’}{i Wb R s@ﬁs[uﬁéﬁgﬂﬁ% gﬂpf;qgt [pmed

m croprocessor has "the capability of generating ex of

swi tching :si s...a.wde vehicle speed range i§ avail gble w thout need

f or transmlggllgé;%{’ﬁgﬁfnfy wi‘ﬁ?ﬂ%%%‘@%ﬁ%ﬁ% © g 218 V8P &%t r onmgnet s
forma rel ati\{elx‘ t{;i n annular stator ring that is spaced fromthe axis of
rotation byseiyesdnsbecy;foundiiobe nrpfewhiep ke sesabiey optput eandbarchetused byaryr eat er
than the radi al di nension between inner and outer diameter boundaries of

“the stat or en¢odsr taagngode signalsl farapplivatie tof 4 micEysrocessér igwedadontrol dfcuithe
present. i nventi on, wherein el ectromagnet pole pairs each formisol ated

- nagnetilo 25 Str oWhilk @9 gfréseﬂﬁﬁvéﬂﬁoa hhdWse i APpMcAbility RPvarldis mB&E Arilound to
provi de advantageous 28 Septenber 2,006 6
applications, it is advantageously suitable for a vehicle drive in which the rotor is
structured to surround the stator, tﬁe rotor being secured to a housing for direct
attachment to a vehicle wheel. The annuiar rotbr is thus at a substantial radial
distance from the axis of rotat‘ion.‘ Thé rotor housing is joumalied for rotation about a
1S stétionary shaft at the axis of rotation through bearings. In an embodiment in which
the rotor comprises permanent maguets, a large number of perrnaﬁent magnets can be
substantially evenly distributed along the annular ring. As a programmed
microproceséor has the capability of generating extremely high rate of switching
signalsl, a wide yehicle speed range is available without ne.ed for transmission gear
20 shifting. The groups of separate electromagnets form a i-elatively thin annular stator
ring that is spaced from the axis of rotation by a radial distance, which preferably is
'substantially greater fhan the radial dimension between inner and outer diameter
l?oundaries of the statdr ring, and secured to the shaﬁ. The conﬁguratién of the
present ihvention, wherein electromagnet pole i)airs each form isolated inagnétic

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




effects: Wth this arrangenent, flux can be concentratZ8deptainbér 2006 t ual |y no
| oss or deleterious transformer interference effects, at the radial air
gap for optinmum interaction with the pernmanent magnet rotor. As a tesult,
extrenely high torque is available wth a high efficiency that

significantly extends battery life. 5 As an additional advantage, each
stator groulerts. With thisiarsdnigymentr flivechnl Bt doentrated! Rith ¥R no1dag, St ruct ure,
~ wherein renoval and repl acenent of an individual stator group I'S

faci |1 tat edllclibions s fornRa it el lt ol NG QL OND shoul d becore

- damaged, for exanple by a fault in the pole stru # ng, the

I ndi vi dual j : ) repl.aced w thout renoving or replacing the
entire st atl%%éhtﬁfnt Wgﬁs ﬁei%g?%?g}ag%téﬁ\‘?'én‘y%lﬁé‘?sufh remedy I%Igbt@ﬁueeisl ar ge
nunber of gj | e ir.stator groups, the notor can continue to
operate | nﬁgﬂg’gﬁ‘gﬁhﬁl‘%fﬁﬂﬁ?@ﬂhﬁﬁw caninextordsrhmtterydifet i cul ar

el ect rogragnet pol e group energi zation fails. A further advantage of the
present” i nvent i 6 anaddifignal advaniageaeah saidr @Pdup is iidivitual®yWched §f 1ROl € face
di nensi ons "and spaci ngs between poles are relatively independent 15 of

 each ot her stafar il ring strubrsk, eyhe el el R L TSRt o i PR ATHRS: ' © P

optim zed for a particular structural co at1on. pre ‘
embodi ment groupisitiGititedd PEHAL i ound to be rticularly
advant ageous, inplenents the ?@Fﬁ%\‘j‘m‘aggt%éW’P%%“Pﬁaﬁﬂﬁ%&om% odd number

of stator ¢ ] | Lized.. The stator poles have pole faces.at the air
gap that are %?é’sflbﬁ?{%ﬂrﬁl% éf g&"’"{gtr}f‘ﬁ%erl?ﬂl% fure op Mirding, thrhiadidusbstatanent
magnet rot oles are of substantially equal angular dinmensional extent at
the air .gagg,“R?W’i‘ﬁ’F@laﬁﬁdr‘f’@%fem%mﬁ@ﬂf@plsciag&re@mirestﬁmanidiHeasi on. The
angul il{} di stance between the centers of the pole faces of each stator

s

gr oup Ielsted advansagey withrthé usernfllarge ginabér Jf REgREHA1O BSIr ¥talk ﬁ,fdﬁ??,stﬁ@t or and
e

differs fromthe angul ar distance between.the centers of t ator pole
faces of autanenicogtimus.opdiate M'addtidhctsty th@REFeven if one or more particular

LA

electromagnet pole group energization fails.
A ﬁlnher adVantage of the present invention is that, to a large extent, étator
and rotor pole face dimensions a_nd spacings between poles are relatively independent
15 ofeach other. A fimed switched energization scheme can be programmed to be
optimized for a particular structural configuration. A preferred embodiment, in which
operation has been 'found to be particularly advantageous, implements the folloWiné
su'uptlxral feafures. An odd number of stator groups is utilized. The statbr poles have
pole faces at the air gap that are of substantially ﬁnifonﬁ angular extent. The |
20 permanent magnet rotor poles are of sﬁbstantially equal angulaf dimensional extent at
the air gap, which is different from the stator pole face dimcnsioﬁ. The angular |
' distance between the centers of the pole faccs of each stator group is substantiallf
uniform th:oughdut the periphery of the stator and differs ﬁom the anguiar distance |
between the centers of the stator pole faces of adj acent groups, The angulér distanée |

25 b.etween.the centers of the pole faces of each stator group also is different frorﬁ the |




25 between the centers of the pole faces of each stat @8 Sgptemperadia®d i s
different fromthe 28 Septenber 20106 - 7 angul ar di stance between the
centers of adjacent permanent magnet pol%es of the rotor. Gaps between
adj acent stator pole faces within each group are substantially equal for
_all groups #eylardistancebetwaen fegepterefiadinsantngrmanent magnet polegofthpsotoThe
rotor pole  faces are separated substantially uniformy by gaps, the gaps
bet ween adj &spsbetween adfacend kiatok polefades iwithinledchriptard subBiahidlydaps 8t Wween
adj acent stator pole face within a - stator group. Additional "advant ages of

the presentall groans iiifietdnt REGOAR: bRk Yo ARARLEBE bis, HRGIOBSLE! ed 11
e nl'y* t he

this art fromthe follow ng detalled description, ein o

R i R e s e T S

N

i nventi gn.ﬁ g‘ill he drﬁali ed, the invention is capable of other and
differeft & HcrbriEs duffrent fromthe gang betweanadjasent;stater pelarfiree within a

nmodi fi cations in various obvious-respects, all without departing fromthe
i nvent i on. SKERLE@PMgl y, the drawi ngs and description are to be regarded as
illustrative in nature, and not as restrictive. 28 Septenber 2006 8 Brief

Description of Dkdditiomgs adhatapsseseét presereinbémtionivill bbdonsireati§dppatettay Of
exanple, and not by way of Ilimtation, in the figures of -t he acconpanying

~ drawi ng anghdsg slﬂhb&ﬁﬂﬁé@t&&ﬁﬁ{e%ﬂcﬁvmg]%ﬁﬂéi Sesbrition, Jvﬂer?i.gr. Vhe €l ement s and

in which: 5 Fig. 1 is a plan diagram a stator and ro ayout of a
prefer "r ed PRAedEiModiment of the invention is shown and described, simply by way of

10 ° illustration of the best mode contemplated of carrying out the invention. As will be
_realized, the invention is capable of other and different embodiments, and its several
details are capable of modifications in various cbvious respects, all without departing
from the invention. Accordingly, the drawings and descxipﬁon are to be regarded as

iliustrative in nature, and not as restrictive.




of the notor of the present invention. Fig. 2 is thre@depembera0os
perspective diagramof the stator and rotor pole structure of the

enbodi ment of Fig. 1. Fig. 3 is a partial cutaway diagramtaken at a

section of Fig. 2, illustrating the 10 stator structure of the present

invention. Fig. 4 ]s.a partiagl detailed sectional diagramillustrating the
- mot or st uBrigt Desoription of Deaxvings, particularly suitable for use in driving

a vehicle wheel. Fig. 5 is an exploded view of the notor structure shown
partial ly in sedh¢present invingionds illugratedby ®ay of exappie patudtby vaytofi de vi ew of
an assenbl ed wheel hub housing enclosing the notor in accordance with the
present i niimithtian in Fiefigufed 6f the AMcdflpatlying daming drdsih ieHith/ikexkfeteneent r ol
system for driving the notor of the present invention. Fig. '8 is a

schemati ¢ phAGalirefr &f sigflafblefleRRthy G ARQdI ment of the present 20

~invention in which the rotor conprises separate el ectromagnet groups of

pole pairs whigh surround.via a.radial _air _ga ermane gnet stator.
Det ai | ?d Descri E‘ﬁr f)}F o d apiﬁiéaﬁrﬂvé’ﬁﬁrsfgk?rlgp@?°t?'g‘fl§°‘§OSPQEF:%W PBEE st at or
and rotor If%out -of a preferred enbodi ment. 25 of the notor of the present
i nvent i on. o8¢ Bloteraitles presentdnventiomnul ar ring structure 28 Septenber 2006
9 havi ng sixteen permanent nmagnets 12 substantially evenly distributed
al-ong cyli ndriEigl 2 sctbkeepdinnensional pEispeqtive dingeant ofithg statay and eotorpiade  pol es
that alternate in nmagnetic polarity along the inner periphery of the
annul.ar 1 ighgictuldef fhaelnbiodahent of Fig, 1. '

| Fig. 3‘ isa partiai cutaway diagram takén at a section of Fig. 2, illustrating the
10  stator structure of the present invention.

Fig. 4 is a partial detail;ad sectional diagram illustrating the motor structure of
thé invention, particularly suitable for use in driving a vehicle wheel.

Fig. Sis an exploded view of the motor strucfure shown parﬁally in section in
Fig. 4. )

15 | _ Fig. 6 is a perspective outside view of an assem_bled wheel hub housing

enclosing the motor in accordance with the present invention.

Fig. 7 is a block diagram illustrative of a contrt;l systém 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




conprises magnetically perneable material that serves 28Septembgr®stéc return
path 5 between adjacent pernmanent magnetic poles 12. The rotor surrounds a
stator nenber 20, the rotor and stator nenbers being separated by a radial
air gap. Stator 20 conprises seven elenents or groups of pole pairs 22 of
uni form construction that are evenly distributed along the air gap. Each
stator group conprises a generally u-shaped magnetic structure 24 having
- two pol e fhaodsg dftead pér@nénitimagasts 1Eaabstaitialip evalypdipribQtedtalongt ure is
separate, and nagnetically isolated, from adjacent groups. The |legs of the

pol e pai I Sc@irrivabask ¥afe M THEIpRERamat nggtmremt@?oz&fmamga&%or group

are connected together so-as to be sinuftaneous act1vated when connected

to a dc soyr . ' Lon. The w ndings are.configured to provide
opposi t e nll(glra g‘%’f xggé{aﬁ&?%g[}‘é@%tui%{elgpg%peqeﬁ%og%feg@“g?rrggcﬂlhﬁﬁf’%l‘ & thereby
~formng an el ectromagnet., Reversal 15 of polarity of energization effects
reversal of°TRECsEgEstcallparmentle matesial fhﬁgseﬁt‘ﬂsés panagnetionsBrppathat e ti ned
switching of stator w nding energization along the radial air gap effects
el ect r dnot bepwedradiasentareemananbmaghetwywiesi 12t dihacotoosurmimdaa stetor mefibeces
between the stator and rotor across the air gap. The rotor permanent

magnet pol G tigy retorlahd Sxbtod Richibed oGt ephrafdiby i radibPilfgdph StatdP2®@i r gap and
separated from each other by angul ar gaps of uniform extent. Subject to

these uni fQifirisYs §9bREIERABSE bpgrroubasfgg%pai}séﬂ mog'g%f?sftruw&-%% 2 pol e

faces and gaps therebetween e var e and can optim ze

accor dance,_w.{ hi lLicatio envir t, It is to.be understood that any
even numbar o R EAbudle o p" BB Raipr ot SaBaSFe BARRGr-L B  he
Fig. 1 sinply for purposes of illustration. The 28 Septenber 2006 10
stator poltBagnghestrygtye A¢ haying fwe pelefaeasgblabtheditmant Eagh ®eter g9L) of a
di fferent di mension ' . : _

10 structure is separate, and magnetically isolated, from adjacent groups. The legs of the

pole pairs are wound wi_th 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
polérities to the poles of each pole pair, thereby forming an electromagnet. Reversal
- 15 of polarity of energization effects reve;sal of the magnetic poi.aﬁties of the poig pair.
| Appropriate timed switching of stator winding energization aloﬁg the radial air gap
- effects electromotive force generation through interaction -o'f magnetic-forces between
 the stator and rotor across the air gap; |
| The rotof permanent magnet poles are all of uniform angular extent along the
20  air gap and separated from each other by angular gaps of uﬂiform extent. Subject to
these ﬁniformity relationships, the actual dimensions of the rotor poié faces and gaps
| therebetween are variable and can be optimized in accordahcg with application
o enviromn’ent. It is to be understood that any even number of rotbrpoles may be |

employed, sixteen being shown in the Fig. 1 simply for pu_rﬁoses of illustratic_)'n. The




than that of the rotor angul ar pole face. Stator el enzstsphbaraosecured,

I n.a manner nore fully described hereinafter, to a non magnetically

per neabl e support structure, whereby the stator elenents form 5 an annul ar
ring configuration. The poles within each stator group are separated by
radial gaps that are uniformfor all stmdor groups. The extent of these
gaps is different fromthe spacing between pol es of adjacent stator

. groups. Thestsbppele fpes SreGaRS uRlfdrm BRI cXPRE pheferably® faaitiereht digession f-r om
the rotor angul ar pole gaps. The radial extent of the stator annul ar

structure, 4 | i nner and outer diameters, is 10
tha€ that bP@e %tﬁ% ﬁ%ﬁ%@%fe"ﬁ@é‘

substantially less than tance between the center axis of rotation
and the inner Laneter o he statar. This relatjively narrow radi al stator
G renst on pr ovi GBS eemels 2ate Siedina s e bl dbostibi RETERRS: ot o

el enent structure focuyssed at the air gap. By virtue of this _
conf i gur at i %84, RogAReguEHclly perBeabls supperd gireqtangs\heraley the stafor elameatssormr om

adj acent stator pole groups high torque output can be efficiently obtained.
15 The . bel aanianghiar iingl eprefigheationdiThe poles ndthin edchtstatorginoypsarb e¢paeated Byhe st at or
and rotor poles permts flexibility in setting the nunber of poles and

di mensi ons.rabi gps tidh aRAchi RUAITEY alDdtatsf SloBps. PTHeCexBm® UPthebSgdph & diffeat t O
enabl e opti mum performance, this nunbér 1s by no neans Iimted to seven,

as shown f g Y We Wy : e pair
group may coorrpﬁegs@ a %Putp)‘}aeH1 P éﬁ%ﬁf%@%gmp%t&@ Hgéf/l ngasgﬂ%%écg%ﬁér?g%ﬁ{i sol at ed
magneti.cal | er neabl e str.u re, .t here hein n_even n er .of les in
each group g¥91.ﬁ) sgﬁcgg%?rgtepca}]@ﬁ'f’é #P%ﬁ%m%ﬁ M Bﬁe Py ﬁ%&éﬁ"? fBﬁt%l?to
obtain fine control over. a wde ;sggeepl r ange, a | arge nunber of stator and
rotor pol e9ftharptaser annwiar sivgitisei.c.She Histangt betwiseminnenanskouteralizmeiesi B at ed
with.the control capabilities of control system.to be used, the nunber of
separ at@ stsabstantiailp lgss tlanshe detang: lsstivedtbtha canerdixid firotafibh andithe tiree not or
~can support a variety of specific applications, the
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 gfoups 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
o an odd number of stator pole groups is pfeferréd 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 plurality of pole pairs sharing a
20 common isolated magnetically permeable structure, there being an e_veti number of
poles in each group. In an operational environment in which it is desirable to obtain
fine control over a wide speed rénge, 2 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 accdrdin_gly. Althoﬁgh the motor can support a variety of specific applications, the




28 Septermber 2006 ~11 invention. is of particular advarBagpemnser2oodity for
driving a vehicle, wherein the nmotor -structure is housed within a wheel.
The concentric rotor and stator nenbergiin such an environment are | ocated
at the wheel rim at a substantial radial distance fromthe axis. of
_rotation. Tifertidh @ ofl paichl AR Sltaddb@VitliRy fR dRY Rig0RR S WIRRAMTRE dfti& @ | arge
5 plurality of individual rotor and stator poles, thus facilitating
flexibility, LOl.q <.kl LS | ' f r Ot nd st at or
nssenl y. ofpFeBHERed yilia vk TheBGASRER' L ald SR InefhpBRbudlll, 5 D
back plate 14 and pernmanent nagnets 12, is enclgsed by a ri hqusi ng
mermber 30, AMFEEHO %@I%F%%aﬁﬁew o ifth @ht BIPSGRHRLTodialiRaRSFaTORe tsy
nonferrous material. Wthin this cylindrical rotor 10 structure, the stator
groups ar e &isgifdpiptien cThekrgeyrim dinnpterpeyid ampid woonie astommpddte & brgesshown i n
Fig. 2. Figs 3 is a cutaway view of the stator structure taken at a section
i nt er se6t i mpduralityfof i@Wvidtialtrber axd statof pated, auks Satilitkaehptibiliey Fohsola of rigid
circular configuration having an outer dianeter and a circul ar cutout

portion at its gegieg atp@%bectfv@%@f‘aﬂo%%d %@?ﬁés%gxfb%ﬂ_mgé BR&E diameter is

sized to fit the Stationary shaft 34 a 15 to be I xed to a shaft

menber.. Al ' ) Peki he.plat.e J1s:prqvided.w t ol es
appropri at %P’?)"’Es‘%ﬁeé‘gé?f‘? ﬁhﬁelg\%ﬁ{%ﬁgz’)t%é@&% ‘hag?ktﬂ%tﬂgﬁ“%ﬁ’? En ?Iﬂn t he stator
el ements. Each of .the plates 32 is secured to the shaft 34 and _spaced from
each .ot her Magpes dpris ap rPithPtE' engshavsing gpember A0, qviagh may b formed ofol e
structures 24 of the stator elenents at each axial Side thereof via the -
mat i ng hol éBmimgm op btitce sor maghsicor nenfeabusyn@riale Mitkil this cyliidacall rotoat e
removal and replacenent of an individual stator elenent that nay becone
danmaget0 or siinlibtiileﬁme@fatdr%ﬁsmd’ﬁ%ﬂ%&clﬁ@iﬁw%s ad, dritpodfiwifichidi t . As
each of the stator elenents can be nade interchangeabl e, mai ntenance of the

stator is ghownin Fig. 2. Fig. 3 is a cutaway view of the stator structure taken at a section

'#i‘ﬁtersecting shaf}: 34 at the axislof rotation., E‘;ich plate 32 is aof rigid circular
’con.ﬁ guratiﬁﬁ 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 o be affixed to a shaft member. Along the piate periphery, the plate is provided with
holes appropriately spaced fo mate witﬁ corrcspoﬁding through holes in the stator
elcmc;r-lts. Each of the plates 32 is secured to the shaft 34 and spaced from each other
| éppropriafely to be securcd tb, and sandwich, the pole _strtictures 24 of the stator
- elements at each axial side thereof via the mating holes. The plates can be geléctably
20 remoi/gble to facilitate removal and replécement of an individual stator element that
may become darm_lged or in need of repair, withogt replacequit of the entire unii_;. As
each of the stator elements can be maﬂe interchangeable; maintenance of thg statoris 2
relafively simple matter of insérﬁng a spare stator element at the approi:riate mating

position-betﬁreen the plates and connecting the ends of the windings.




relatively sinple matter of inserting a spare stator eissSeprinbat2oobe .
appropriate mating position between the plates and connecting the ends of
the wi ndings. 28 Septenber 2006 12 Fig. 4 is a nore detailed sectional
diagramillustrating the nmotor structure of this enbodi nent of the

i nvention, particularly suitable for usk?in driving a vehicle wheel of an
aut onpbi | e, ”Dt3$CXfJe’ bi cycle, or the |ike. The stationary shaft 34, '

- plates 32, statdr8stPidnoredetaled sectionaldisgign ibestrating thegneter siawstusg ohi n
housing 40, to 5 which annular rotor backplate 14 and pernmanent nmagnets 12
are at t achel@is epbedimant 06 the mvpation phitieufatlp suiteblesfoaise innirivagw whitde of pl at es
32 through bushings 36 and bearings 38. Thus housing 40 fornms side
portions ofwheelefincdueomblti, motertydletbidyeR, orthe BikkY The sthfibiig bhaila, rot or,
about shaft 34. The ring housing nenber 50 is rigidly attached to housing

40 and the gasess, AR stliitlds 2%nd ifla b e édn%%m%ﬁgp%geﬁiﬁ e Fg. 5

Is an 10 expl oded view of the notor s ure’s ection in
Fig. 4, swhi ' IS, a [spectjve outside vi of the assenbl ed wheel
hub por? i or?J.’ljIal An‘%‘é‘}:"si 6?“%‘65?“3‘5@‘5%% ﬁ@%‘?@%ma&eﬂsﬁg/m atipehgdattonsyg 48f t he
nmotor in a.bicycle type environment each of connector portions 42 can be
~af fixed to!H9 et to the skadt on eachaidenfiplatgai2ethranigh bushings 3 andi begrifigsgur es
al-so exenplify the use of various standard washer, nut and bolt 15 el enents
for assenb |33néhwhtmsug 4 formn side pottions of mvehicle wdicobiiat toadtesamydrivenr opr i at e
means. wel | known in the art .can be used for assenbly of the various

- el ements. Hirgughithé foter, Rbawtishalt 38! TN kihk Hedsif ink@ibef 3¢ Cr?gfim Ghach¥dcem T or
driving the notor of the invention oféthe enbodi ment So FPg. CEM ﬁergi zing

: rof . et ol Ffg. L Energizin
bt ory Supol e SHAAE Ror 8 Bhiofi B3R LA 8 RIS i ST C1 aror

w ndin C i_.ppl epent ed using a |1 known .
ﬂf gﬁblgaeed Visw G ¢ motor struc esl\%awn par{llally in section in 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 enﬁironment each of
_<I:onnector pﬁrtions 42 can bel affixed to a respective portion of a bicycle fork. The
drawing. figures also exemplify the use of various standard washer, nut and bolt
15  elements for assembling \}ariqus elements. It is to understood that any appropriate
means well kn_own in the art can be used for assembly of the various elements.
Fig. 7 is a block diagram illustrative of a control system ﬁ-ar driving the motor
of the invention of the embodiment of Fig. 1. _Energiziné_cuxrenf fof the individual
~ stator eléctromagnet vyindings 20 is provided by baﬁery supply sourcé 50. Although'
- 20 S\y_itched energization of the stator windings can be implemented using a well known
mechanical commutator anangémenf, elec&onic switching circuits have become
-commonplace and provide superior control advantages. It ié preferable, therefore, to
connect stator Windings 20 to batté_ry 50 through é“dtéhing circuit 52. Switchiﬁg
| circuit 52 may comprise any well 'known. cqntrqlled bidirectional électronic circuit

25 capable of supplying battery energization, switchable in polarity, individually tc_; the




mechani cal comrutator arrangenent, el ectronic sw tchi g Sepeavétzmohave
become commonpl ace and provi de superior control advantages. It is
~preferable, therefore, to connect statb? wi ndings 20 to battery 50 through
switching circuit, 52. Switching circuit 52 may conprise any well known
control | ed BPHr“Epdingsandencontrolnficonteoltes 3t Cobtroberail mefsfablumplpyisexn bat t ery
energi zation, switchable in polarity, individually to the 28 Septenber 2006

13 ot or wi milirogmtrolled eticiopricessdr afthe ks that ¢@rbeProgranmiddab hggly 54 pref erably
conprises a mcyrocontroller, mcroprocessor or the |like that” can be

programred imréikely il rceﬂt&él%tgfﬂgbg éﬁ g@%ﬁ%%ﬂé 5§ingdlélgrggﬁe% wit tching

circuit 52 i.n accordance with S genhera I'n response to -

the relativ n.stator and 5 rotor. Various position sensors
are known iﬁe{%\éﬁgﬁp Elts%gée\gyg[?%%rgﬂ?ﬁf%%otﬂe 5?1?}&{?6?%3‘“%83?”6 LR si gnal s
~for utild zat'{onh})@?\{i&t he controller. Resolver 56 is coupled to rotate with
rotor 10 and%e B3 RO sensors gikeawn e therary thatorre sapblecaf presticingon. These
signals are eneoded by encoder 58 appropriately for use by the controller.
The cont r gpoieF fesdbadkesignalsformtitizdtioroby thepontrolberi Resblyet 561 dowpded tool  si gnal s
to be matched 10 with the received encoder signals, based on the specific

di mensi onalromtnwithyustat | @andfenetates siinalsMdiCAtRRARTIStor RIQU-PONLOE ThRRet hus
take into account the nunber of stator and rotor poles, the nunber of

Sraor. o OuRinifiure ERGI BP BRGaSOhpldlfiaR e B ooy ire, 200 | he

di nensi_ons t he various. gaps | notor, s ture. has™ been found

that the s ' : t or que, and  speed char.acteristjcs obtai ned fromthe
above 15 asoary B saEb? hriehiriigy 8 B fumalif s donet enshidy e

controllb/ed e* e‘gltr'onic swi tched node enabl es satisfactory operation even if
- an i ndit¥i di4tR ¢ Kcstved creRdSE siseals bpsedamibe spagHia diarensivhal soafigusstianiaf i n such

circunstance can continue to be used ' :
- the stator elements. Programming can thus take into account the number of stator and

“rotor pcﬁes, the number of stator groupings, the dimensions of the stator and rotor
pbles and the dimensions of the vari_c;us_ gaps in the motor sttﬁcturq. It has been found
- that the superior motor torque-and speed characteristics obtained from the above
15  ‘described structure operating ini the optimally programmed controlled electronic
switched mode enables satisfactm;y operation even if an individual stator eleﬁent
: grouﬁ canmot function. Thus a vehicle in such circumstance can continue to be used
z_mtil 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 polé pairs which surround via a radial air gap a
permaneqt magnet stator. In this respect, this plan view i; similar to th'é structure
“disclosed in the in-ventors' copending application, serial number 09/571,174 filed May
| 16, 2000,' the disclosure of which hereby is incorporated by feference. “The structural .
- arrangemient and asse;nbly of 'thé elements of this exﬁbodiment are analogous té the

25  embodiment illustrated in Figs. 2-6.




until such time as it is convenient to replace the. st®@cepeesegds part .
'Fig. 8 is a schematic plan view of an enbodi nent' in which the rotor
conprises - 20 separate el ectromagnet groups of pole pairs which surround
via a radial air gap a permanent magnet stator. In this respect, this plan
viewis simlar to the structure discld%ed in the inventors' copending
application, serjal . nynber 09/571,174 filed May 16, 2000, the disclosure
of which hereby {sthisghsclosuredbeselisishowr had describedTimty mferred ernbddimenits apgenent
“and assenbly of the elements of this enbodiment are anal ogous to the 25
enbodi ment ¥ inkention gl buba Fivgsxaniplés. of 8 vECSHIRPDR s 336 Gndeldodd thhithe

di scl osure there is shown and described only preferred enbodi nents of the

i nvent i on- cinderitoh ifcdpRble SX & Ot olte? Ot IriabsehlopleSh Sy P Under st ood

that the invention is capable use I n various ¥ons and

envi r onnment $na4d of bl &..0f .changes ,or nodifications within the scope

of the inventi vgogglr?gg%ﬁ) ?gl{s‘ﬁﬁc ANyt the seone pf thejpvenfisesneeptas can be
appreci ate %hse (rh%tor f the invention can be utilized in a wde range of

~appl i cafi on&PIR AR ofPriesagRls asican by arpsesiateths ithesmotor ofithe mveritionrcagbei n t he

i npl ementation of a vehicle drive, that the rotor surround the stator,

ot her appl iWHEsbiNA Wide ranga of applications doadditioi tb iveiclidiivest Wehisd iafsor

sur roundi ngh;fhe stator. Thus, it is within the contenplation of the

i nventi on Preerak ahthe implemendtiaLéfes veiidle Have, it ARTBEF LE?)YII] [dite ei ther

the stator or rotor and may conprise either the groupso gﬁ{é%.[dr%hagne_ts or

per manent oB@R&Iplichitths nty ‘W.l%f%ex\@s'mﬂ' 4 ent pol es have been: -~

i |l ustrated, V\Aﬁ?’]pdi ngs nay%ihr(llgt ead e proﬁ%&g?&nﬂ@o- 9‘%‘%“?%@? @054 t g
.structure. .o Q_be reciated that_ particul ar_ el ectronmagnet.
ener gi zat i glr}ﬁs’ Z‘Q%Wé‘ﬂ@i’ (é‘%fﬁer@@%&’ ﬁ%fﬁ‘ffﬂﬁméﬁh‘ﬁ&?‘ffﬁﬂ%ﬂ@@%%tmﬁhbns. |

Energilzo'ition %f t he .
tmember may comprise either the stator or rotor and may 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.
1t 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. Electromagnet groups. may all be energized atall times, although switched at
individually programmed times. Conversely, individual electromagnets may be de-
energized at predetermined sequentially.induced, randdmly induced, or non;séquentialiy
induced intervals, |
20 Although the present invention has been exemplified herein in the context of a
direct current motor, one of ordinary skill in the art woild appreciate that the principles
- described are applicable to synchronous type alternating cuzreqf ‘motors and motors |
-having vgounfi elements energizable by a vﬁriety of bulse Wﬁefdmxs. Thus, the sour;ie |
 of electrical power for driving the motor is not ﬁnﬁted to a batté:y, buy may include, for

25 example, an alternating current source. Such an alternating current source can be




15 el ectrromagnets nmay be swi tched sequentially al ong tdseSeptembgeanoper i phery
or in a different order. Electromagnet groups may all be energized at al
ti mes, although switched at individualiy progranmed tinmes. Conversely,

i ndi vi dual el ectronmagnets nmay be de- energi zed at predeterm ned

sequenti al | yoriveetedirettasueient of pulde waseforn® buppBioreafl be fded Hithout supiluced.
“intervals. 20 Although the present invention has been exenplified herein in

t he cont ext e |7 : ' i.I'T in the art
woul d_appr eSyupBiorb B uE s ook B B AR B | o' (s
synchronous type alternating current notors and notors having wound

- elenments energi zable by a variety of pulse waveforns. Thus, the source of
el ectrical power for driving the notor is not limted to a battery, buy my
i nclude, for 25 exanple, an alternating current source. Such an alternating
current source can be 28 Septenber 2006 } 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. 28 Septenber 2006

16 CLAIM5 What is clained is: 1. Arotary electric notor conprising: a _
stator configured in the formof an annular ring of groups of electromgnet
pol es, the groups substantially equidistantly distributed along the angul ar
extent of the annular ring, each of the groups conprising magnetic

mat eri al ‘magnetically isolated

- . -
- . -




5 and separated fromthe other groups; and an annul ar 28Sepembar@neent ric

Wi th an axis of rotation and concentric with the annular stator to forma
radi al air gap therebetween, conprising a plurality of permanent magnet
pol es substantially equidistantly distributed with alternating nagnetic
polarity along the angul ar extent of thé®ir gap, the pernmanent nagnet
poles 10 having n magnetic return path; wherein each group of

. el ectromagnet poﬁggiﬁﬁggrises wi ndi ngs that are swi tchably energized for
driving el ectronotive interaction between the stator and rotor. 2. A
rotary el ectWhat isglaioredds recited in claim 1, wherein each stator gr oup
conprises no nore than a single pair of poles, each pole having a w nding

configured to f@rmmtﬂgfb@iﬂ&n%}%ﬁﬁﬂsi%posi te to the magnetic polarity
of the other pole of the pair, wherein sw tched energization of the pole

pair w nding eff I . S.magnetic polarities of the pole
pair. 3. A rotar g%ﬁ’ég?%ﬁ%ﬁﬁ%%@eg@ﬁg%ntagl&ufaﬁne B*WPEPS ?@@Hema%ﬁpri si ng
a rotor pogiti @n sensor, wherein sjgnals for switching energization of the
wi ndi ngs arébl%éggtn%egrg?%sosqbﬁt@%@g&%‘glﬁg‘@t pstgbyied plong theSmgulentident 2008 17 4.
Arotary el ect%c‘ nmotor as recited in claim3, wherein said position sensor
conprises aXf¥EErPEreach afthetroupsroprisingrhenetonprtishaagrticdatdssed or
generating said signals. 5. Arotary electric notor as recited in claim1,
wher ei n % heangrsgpdrated diost theatherlpedupsgandool es of each stator group is
subst.antially uniformthroughout the periphery ' '

~ 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 mégrlet poles substantially equidistantly distributed with altemnating
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 2 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.




of the stator and differs fromthe angul ar distance be\Sepembéra0os pol es of
adj acent groups. 6. Arotary electric notor as recited in claim5, wherein
t he angular di stance between poles of gach stator group is independent of
the angul ar distance between adjacent_pernanent magnet poles of the rotor.
7. Arotary el ecqr AGof¥R Qbctdis nidib ds§ebiell it bigin's Swh rsﬁid’bo%ﬁi%n@&%&l ar

- di stance between pol es of each stator group 1s difrerent” fromthe angul ar
di stance be ; j.acent permanent magnet poles of the rotor. 8. Arotary
el ectric nn%%ﬁﬁ§§sgg%Pﬁgﬁ in claiml, wherein the stator poles have pole
faces extending in substantially equal angul ar_ distance along the air gap
and the rotor paidfakmetorAyther corppases aaorcogden far gencaafingeaidrsignaly- i n
substantially equal angular. distance along the air gap, the angul ar extent
of the stator pole faces being different 5 fromthe angul ar extent of the
rotor pole faces. 28 Septenber 2006 18 9. A rotary electric notor as

recited in clains.8A rufasy etédirié hRtétad tite® &l @alhPL Sfherdin ShSaDalaAtiRENEY gaps,
t he gaps between adjacent stator pole faces within each group being

e gaps b _ _ | _
oroupe. 10, U Ea RN Rad ol fithe 1d ARG AT G AT L E ) T 0

rotor pole e are arated substantjally uniformy b s, the gaps
bet ween ad) SlFapE ) AfEdRom tebenlar itafips Yeov e iPEReIes of iBsE ot wee
adj acent stator pole face within a stator group. 11. Arotary electric
nmotor. as reEP¥R% in claim 1, wherein the rotor surrounds the stator.

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 gfoup 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 fgces extending in substantially equal angular distance along the é,ir gap and the
rotor pennanenf nﬁagnet pblesi havé 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.




12. Arotary electric notor as recited in claiml, whesdepteimber 2006rber of
stator groups is an odd nunber and the nunber of poles within each stator
group is an even nunber. 13. Arotary electric notor as recited in claim
1, wherein each stator group is individéally secured in the stator annul ar
ring structure, thereby facilitating .independent renoval and repl acenent

of an i ndi vi dual 9s¥arotary gleotriz molﬂrasmwrdmheﬁxm@%eteﬁﬁﬂte@t&t&lpbw{h@es
~ conponent associated therewith. 14. A rotary electric nmotor as recited in-

claim 13, waersepdratedby gbpY, e das bi®een 58N ﬁ%tp e?%c@é Gntﬂﬁ'g%g%gro? d a

shaft nenber |ocated at the axis of rot atr on; enbe

wherei n eac red sai d at e, menber at a
spaced radiig?;{ﬁé %‘?j}%&gnﬁ%ﬁ%‘w cﬁ%'i?%ggng E%E%RS ﬂveeﬁﬁﬁjoag%ﬂtémmrﬁ%‘pﬁenber i's
‘attached to said shaft nmenber. 15. A rotary el ectric notor as recited in
claim 14, wherein said spaced radial distance is greater than the radial

di stance between_ inner and outer boundary dianmeters of -the stator annular
ring. 16. A rot a’rQ/ Alrelary ¢lectrip motorzs recited ireclainm9 ok ksrein 18 rotdragotd facesai d
notor further conprises a rotor housing, the rotor annular rotor . being

mount ed wi tdre sepateenubsiantaliyt uniforeRBLEhpE; &ﬂb gépsdieﬁh@eﬂ(‘aﬁ debtFoloPBolgxi s Of
rotation, and the rotor housing is journalle for rota i on about the shaft

t hrough be&hbd%@)‘émg@ﬁer@nf fbt'the Bk Betvden Tfalnt NV PO1%aSd Rtk LA0foA T Ot OT,

t he notor conprising:
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 reclted 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 memberi‘_and

a shaft member located at the axis of rotation;




first and second annul ar ri-ng menbers concentrical |y &BSeptgmber@Befit an axi s
of “rotation and separated from each other by an axial air gap; wherein
said first menber conprises groups of ealsectronagnet poles, the groups 5
substantially equidistantly distributed along its annular ring, each of the

groups sconpri sirkrBRPASHE bsaltPdtthd @bupHis B&ukédab s¥idiphat Al d spaeadr at ed
fromthe other groups; said second nmenber conprises a plurality of

per manent %%gg‘%iéﬁgﬁéee%%?’z#%)%{}&%IjO?alti!)%(; Lgquidistantly distri buted with

alternating ong the air 10 gap, the pernmanent magnet

pol es having a conpon magneti.c return t long its annular ring; and 28
Sept ember 2006 B MNAtERS eé&%waali@lfﬁsgasgﬁw ffagnet pol es conpri ses

wi ndi ngs that are swi tchably energized for driving electronotive
interaction between the first and second nenbers in accordance with a
‘preset sequential, non-sequential or random 15 excitation schene. 18. A
rotary direct not5orA agaryetdctitmbior 6d @ititedlin,claitnelde whetehesaidotpacedgadigbunds

the stator. 19. Arotary electric notor. as recited in claim 18, wherein the

stator  ConplilRRSs sftaflr fHah tie AHAMAINandd BwdBITREE: A8 dulelBoun@iugr conpri ses
sai d second annul a ring nenber. 20. A rotary electric notor as recited in

claim19, wherein t nul ar, st.ator conprises an inner boundary at a
first radi %a@g@gﬁ?@e%&gng&% of rotation and an outer boundary at a

second radial distance fromthe axis of rotation, and the radial

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 motot comprising:
first and second annular ring members éonéentrically arranged about an axis of
rotation ant_i separated from each other by an axial air gap; wherein
said first member comprises groups of electromagnet poles, the groups
| 5  substantially equiciistantly distributed along 1ts 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 maguet poles
'substantial]y-equidistantly distributed with alternating magnetic polarity along the air
10 | gap, the permanent magnet poles havihg a c'ommon magnetic rétum pé_th along its

_annular ﬁng; and




di stance between the inner and outer boundaries is |e$sSep@embeaiodsfir st
radi.al distance. 21. A riotary electric notor as recited in claim18,
wherein the stator conprises said second annul ar ring nmenber and the rotor

conprises said first annular ring nmenber.

15

20
wherein each group of electromagnet poles comp‘rises windings that are
switchably energiied for driving electromotivé interaction between the first and
second members in accordance with a preset sequential, non-sequential or random

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.




