WD 03/ 030336 PCT/ US02/ 30065 ROTARY ELECTRI C MOTOR HAVI NG CONTROLLER AND
PONER SUPPLY | NTEGRATED THEREIN Rel ated Applications This application

cont ai ns wolpmsts3emtter related to copending U S. Appl i cRCrarsoysmsal

nunber 09/ 826, 423 of Maslov et al., filed April 5, 2001, and copending

U S. Application serial nunber 09/826,422 of Maslov et al., filed 5 April

5, 2001, both commonly assigned with the present application. The

di scl osures of both of these applications are incorporated by reference
herein. Field of the Invention The present invention relates to rotary

el ectric not or s, ROFFARYFTECTRECMOTOR HA VNG ICONTROLE.EReNDNg el ectri cal
control and drive elenents integrated therein. Background The progressive
i mprovenment of el ectr orp@GWHR SUPPLYINTEERATEDTRPRIN | er and

m croprocessor based applications for the control of nbtors, 15 as well as
the availability of inproved portable power sources, has made the

devel opnent of efficient electric notor drives for vehicles, as a viable
alternative £9nbu ti,on engines, a conpelling challenge. Electronically
controlled pM&%’%ﬂw tion of windings of notors offers the prospect
of nore flexible _managenent of notor characteristics. By control of pulse
wi dth, duty cycl e Thisappigationscogenssutpetmadereleabs copsndingiéd. appl i cati on of
a battery source to appropriate stator wi ndings, functional versatility
that is virt Jgipligationgesal nnophesiPa 4 X 3rod Ml dvet abtfiled)Aptil §,2001, and

copending U.S. Application serial number 09/826,422 of Maslov et al., filed
5  April5, 2001, both commonly assigned with the present application. The

disclosures of both of these applications are incorporated by reference herein.

Field of the Invention

The present invention relates to rotary electric motors, more particularly

10 to motor structure having electrical control and drive elements integrated therein.

Background

The progressive improvement of electronic systems, such as
microcontrollerand microprocessor based applications for the control of motors,
15 as well as the availability of improved portable power sources, has made the
development of efficient electric motor drives for vehicles, as a viable alternative
to combustion engines, a compelling challenge. Electronically controlled pulsed
energization of windings of motors offers the prospect of more flexible

management of motor characteristics. By control of pulse width, duty cycle, and



synchronous notor operation can be achieved. The use of permanent nmagnets
in conjunction with such windings is advantageous in limting current 5
consunpt iwo.030B3@bove-i denti fi edcopending related U S. pa&CantSoappbs cati on
of Maslov et al., Serial No. 09/826,422, identifies and addresses the need
for an inproved notor anenable to sinplified manufacture and capabl e of

efficient féﬁpsdh!@&@% BIREfi & Mot B6ice kd Siprépfiatd Statdr WRRIngk,e drive
environnment, it is highly 10 desirable to attain smooth operation over

wi de speed rﬁlﬂgﬁonamréa%l Et[ 'vﬂ{u'aﬁ%h %ﬁhgﬁsﬁa@ﬁ QHérHé‘[:(] é&%ﬁ%l ity at

m ni mum power consunpti o I’I ve

advant ageousl OVIde accessubl var i ous struct ur al conponents
for repl acen‘%%fﬁré? poYIRQter %Rer%{loﬁlcﬁ?h%?ﬁ%é?vepn%%\}sg i EFCRANCRRASOEIS R di ng
related U.S. application incorporates elect romagnet poles as 15 isol ated
magnet i cal | ycqrainetianpithsuehuwindimgs isedhinntegeonsinilimising airmt ar ri ng,

relatively thin in the radial direction, to provide advantageous effects.
Wth this acomamgptent, flux can be concentrated, with virtually no | oss or
del eterious transformer interference effects in the el ectromagnet cores, as

conpared w th pripge @Jotve@dfémﬁemﬁdmmlét@dUrsaba\éﬁmgﬁﬁ@atioaof orque 20
characteristi cs and effici ency are attainable with e structure of the

i denti fied G 095ERRNCEBY/s9848 U RE LIMUENETRNIHAEEARLY desi rabl e

To this end, ove-i ent I edcopgendi ng rel at en application
of el 3::2@4{ @%@%%@eﬁ%’s SR SR T (1
overall 2 flexible operating characteristics. In a vehicle drive environment, it is highly
10 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 accessibility to the various structural
components for replacement of parts at a minimum of inconvenience. The
copending related U.S. application incorporates electromagnet poles as
15  isolated magnetically permeable structures configured in an annular ring,
relatively thin in the radial direction, to provide advantageous effects. With
this arrangement, flux can be concentrated, with virtually no loss or
deleterious transformer interference effects in the electromagnet cores, as
compared with prior art embodiments. While improvements in torque
20  characteristics and efficiency are attainable with the structure of the identified
copending application, further improvements remain desirable.
To this end, the above-identified copending related U.S. patent

application of Maslov et al., Serial No. 09/826,423, seeks to optimize rotor

parameters such as the grade of the magnet, the energy density and the overall



WO 03/ 030336 PCT/ US02/ 30065 nmagnetic characteristics of the nmagnetic
circuit, the size and the dinensions of which can adjust the permanence
and t he oweroaloso3saperati ng condition of the magnet when i PCraspastwedf t he
rotor, the tenperature stability of the nagnet, magnet demagnetization, the
finishing, coating and post processing steps taken 5 in manufacturing of

the magnets fobntiecHabicRRigek SRRE HaphdiRbirchi&he 58Phhd thé Bhendidif of

magneti zati on over the curvilinear surface of the magnet, uniformty of the
radi al pol ari i on an i n et n. AW separate
magnet s, the“ﬁrrlgéc %ﬁliaciapls{&’gé’?fr‘éng}i%en%ﬁgtgg%‘é%g@Oé?rgl?xgﬁepoélggg)s Ocﬁthef he magnet s,
and the return flu ath of the magnet as provided. by back iron ring
section. 10 F}?gé?f\)%’(li‘eg‘dh’érﬂag qf, WF%h&ﬁé?rP%?tPfet?aeng]h% Oéc%fema%r?t’i npor t ant
factors, the need exists for drive notors that are capable of a w de range
of oper at i ngmagheirdgotagnétizatien, thedinisbing, ewating andpasypwoessingstaps takeo|
functionality. Brushless nptor systens nust have the capability to control
each of a5 pl i mbhifictofing of dietniapnets feviht dheasietl applicaibtlehaaabiligt & conmut at i on
sequencing and 15 appropriate application of power to the individual stator
wi ndi ngs. V\hkﬂ%&é}ﬁtiz&%ﬂ%ﬂ%%uﬁfinﬁé‘s}?sﬁifa%ebf&i&'ﬁ@k@ﬁﬁi@@ﬁﬁ%ﬂ@ extensive
and diverse, the need exists for a notor structural "configuration in which
t he control 3 . t.hat Vi . ratign are self-contained. Such
a confi gurat ?%dﬁﬂgj%%lz mr?o?ftgée%aﬁlge ét%lgt% nggés)ngg?? }ID? &%t %VOC%?B? Fq imtations in
the nmotor flux prodycing structure 20 within gi.ven constituent of the
not or. Di scIH&aﬁg‘gs’d e MR %“Fﬁi‘g?ﬁaf%?ﬁ 2P EeAMEHE AT 31€ﬁég?ﬂqf5he 1aersts:l s t hese

needs, while taking advantage of the
and the return flux path of the magnet as provided by a back iron ring section.

10 In environments in which portability and size are important factors, the
need exists for drive motors that are capable of a wide range of operating
characteristics, without sacrificing complex control functionality. Brushless
motor systems must have the capability to control each of a plurality of
electronic switches to provide accurate commutation sequencing and

15  appropriate application of power to the individual stator windings. While the
complexity of the electronic elements can be extensive and diverse, the need
exists for a motor structural configuration in which the control elements that
provide such operation are self-contained. Such a configuration should not be
made at a sacrifice to cause limitations in the motor flux producing structure

20  within a given constituent of the motor.

Disclosure of the Invention

The present invention fulfills these needs, while taking advantage of the

benefits of the isolated individual pole pair arrangements disclosed in the above

(U]



benefits of the isolated individual pole pair arrangenents disclosed in the
above WO 03/030336 PCT/ US02/ 30065 identified Maslov et al. applications.
The thi n womalas3¢i ng configuration of the stator is utilPCTA$02/800pF Ovi de
sufficient space in which to allocate a substantial portion, if not all,
of arelatively conplex electrical control systemwthin the confines of

the stator stideraiflededaslditetar applvations. t e wiehilacdhg &%gﬁfalﬁoﬁefmenents 5
wi thin a shielded space internal to the stator flux producing structure

provi des seyv . it ;1.5 4L j ; i i reducti on
of the nu rrbers'i%g?lj ' ?ﬁ%.ﬁ@] tg%g(ﬁq%%sdgﬁélf ]fétl Sglgéréclgirl}'}ﬁée}? {é)%téﬁtg éstgtgrsg&g)%{?%} ned while
avoi di ng el ectronmagnet i i nterference between the control, circuit and the
swi t ched st atrieip %0516@’. ° ngﬁatlvggéa?’p]feéfafeéﬁﬁ{ﬂ%?mi SYstepaithin theappl i cat i ons
such as vehicle _drives, the 10 incorporation of both notor structure and
the el ectri cAonEpssof Hie sigfar srciure Hniseratien of/daelersicalveatrolsamppnans de a
decrease in weight of the unit, while decreasing acoustic and nmechani cal
noi se. Qpér atwitnn f shiridet spags éntersalpe tiepetdrn s praduche strattip préviest t o

simul ate, for exanple, conventional autonobile operation. The

af or ement i onegvadvaninass. SingplifRalibesHifdelalosiddicdutiish of B8hULBS #&F 15 the
invention, at least in part, wherein the notor conprises a rotor and stator

each di spos eqn&iOidﬁgﬂ d?'éwéférﬁgmﬁti erl.'e,?néh%gré 9&5@1%8 %ilg%i%ﬁggl}%ga%éﬁsﬁcgf Ih c gf Ihsr

by an annular air gap. e stator conprises a _
Cepar ated 1 PORTHEPREE Ce ROl R BeTor R P e a0eas an o the
radial air gap. The 20 segnents thus are individual electronmagnets. The
i nner radi al sk fQresrpplss inspecifigapplisatienssuahes vahislsalsiwesathehi n whi ch
substantially no flux traverses. A
10 incorporation of both motor structure and the electrical control system within the
vehicle wheel can provide a decrease in weight of the unit, while decreasing
acoustic and mechanical noise. Operation from the user's perspective can be
simplified to simulate, for example, conventional automobile operation.
The aforementioned advantages are manifested in structural features of
15 the invention, at least in part, wherein the motor comprises a rotor and stator
each disposed in an angular ring configuration and spaced from each other by
an annular air gap. The stator comprises a plurality of magnetically permeable
core segments with coils wound’ thereon, the core segments being separated
from direct contact with each other and disposed along the radial air gap. The
20  segments thus are individual electromagnets. The inner radial periphery of the
stator defines a space within which substantially no flux traverses. A
controller is contained within the space for applying energization current to the

stator windings. Also provided within this space are a powér supply and

electronic switches responsive to the controller for directing current pulses



controller is contained within the space for applying energization current
to the stator windings. Also provided within this space are a power supply
and el ecwpmnioso3swi t ches responsive to the controller for Pdirser/saes current
pul ses 4 WD 03/ 030336 PCT/ US02/ 30065 fromthe power supply individually to
the stator w ndings. The power supply may conprise a plurality of

repl aceabl e bpérheid gsvdr BaplaiRiviaasly ¥ (G805 WiEBnO THIGMNRESuppl€
batteries may be calg?tl)l ea%}?jbeilnlg re}Jcharged from I(:lén ext ronal upé)o}hurce W th

Or 1 thout | ek RNl o8 d41en BLALATcy BAL BLonel SSHRL G IR, 21 S0 be

effected by regenerative cur uring opera stat or

segnent w ndi ngs. ofor position sensor, within the_stator provides at
Iegst one odggﬂﬁerﬁgh‘ﬁg €LS 3V &R q?f)l?qx%g(r_ecgarrg?cgﬁ%mﬁexm st at or
segnment conprises a pair of poles circunferentially spaced from each ot her
at the outer SpurckepHEYgr vafhwuf Bicliggmod fromg thetséatorh\Bagteyyoieehasge miapki ng porti on
at the inner periphery, the pair of poles having opposite nagnetic

pol ari tie$S atalddie edfected &y redennracine cgiram bpslitdaluring RbertaGon Sy R staek t o t he
segnent wi nding. The wi nding of each stator segnent may conprise two coil

sections for rgegmem »ﬁnﬂﬁgpeﬁtrbfbepgéiﬁéﬁgqn@@@i,tmﬁ@ls‘ékt%%ﬂo%ef by wound in
opposite directions and connected in either series or parallel to 15

provi de, whe i of opposite nmagnetic polarity.
Al ternativel &n@@ﬁ@%&é aeggﬁgitgxégﬁgr@ge& contain a winding forned entirely on

t he yoke or [|inki ortion. Each stator segnent winding is connected to a
bri dge confi gur at &%ﬁf‘g@ﬁﬁ’ FaFhetURE fe8RICat COFRISRRE PATREPYEY ect i on of current

flow circumferentially spaced from each other at the outer periphery and joined

10 together by a yoke or linking portion at the inner periphery, the pair of poles
having opposite magnetic polarities at the air gap when energization current is
supplied to the segment winding. The winding of each stator segment may
comprise two coil sections formed on a respective stator pole, each section
being wound in opposite directions and connected in either series or parallel to

15  provide, when energized, stator poles of opposite magnetic polarity.
Alternatively, each stator segment may contain a winding formed entirely on
the yoke or linking portion. Each stator segment winding is connected to a
bridge cbnﬁguration of the electronic switches. The direction of current flow
in a winding for an enérgization pulse is established by the selected activation

20 . of the switches of the bridge in accordance with controller signals.

The controller may comprise circuitry distributed on a plurality of

circuit boards upon which switches are also mounted. Alternatively, the
controller may comprise an application specific integratedA circuit (ASIC) in a

single chip which may also integrate the switches. The width of the current



in awnding for an energization pulse is established by the selected
activation 20 of the switches of the bridge in accordance with controller
signal s. Wbe3osnsé ol | er may conprise circuitry distributeacorusazpiossal ity
of circuit boards upon which switches are also nounted. Alternatively, the
controller may conprise an application specific integrated circuit (ASIC
in a singlepoblepanshhe kelawionadfsie switahgs ateccohtrellalbyt hbesntrdig isd dt h of t he
current 5 WO 03/030336 PCT/ US02/ 30065 pul ses and the selection of the

swi tches ar er&pohdeqb bRdalYedeRRATRIM bR behotdYotdr $ORADSE SerlsBrsthgnal s recei ved
fromone or nore rotor position sensors that are nounted wthin the
stator. Addi of the present invention will becone readily
5 appar ent tzr)ﬂt ose gkﬁﬁa%ﬁﬁrn th| s art fromthe foll ow ng detail ed
description, wherej.n. on the p ferred enbodlnent of the invention is
shown and descri bédit] ?r}p%/dy ﬂ@fpr‘?slePUEYer“é*PPéi‘ﬂl Becomprepdilyt node
contenpl ated of carrying out the invention. As will be realized, the

i nventiond i sam@br@%@m sillegrin thiglard fromehe fllowamdatiiledlescripion i ts sever al
details are capable of nodifications in various 10 obvious respects, al

Wi t hout depamtierein érlpthetprefeirad@nbodimenAeeias ididigio is Shbem a8la aicABsd, and
description are to be regarded as illustrative in nature, and not as

restrictive. siBjigby Qa§ Gfilll%t!ré%{bn%ffﬂ@rbéw fas c%ﬁteﬁgaﬁatgd @&%H’[yldg%\a%%' on is

illustrated by way of exanple, and not yvvay I'n the

figures of t nl%eﬁ‘t?cﬁmo Wsa\pﬂl' lﬁgregfz%w H9ind85tidn1s capagf% of oﬁler and different

embodiments, and its several details are capable of modificationsin various
10 obviousrespects, all without departing from the invention. Accordingly, the
drawings and descriptionare to be regarded as illustrative in nature, and not as

restrictive.

Brief Description of Drawings

15 The present invention is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawing and i;l which like
reference numerals refer to similar elements and in which:

Fig. 1 is a partial three dimensional perspective view of a motor
according to the present invention.

20 Fig. 2 is an exploded view of the structural components of the motor of
Fig. 1 illustrative of the positional relationship among the various elements.

Fig. 3 is a perspective external view of the motor of Figs. 1 and 2.

Fig. 4 is a block diagram of a control system suitable for use in the

motor of Figs. 1-3.



reference nunerals refer to simlar elenents and in which: Fig. | is a
partial three dinensional perspective view of a notor according to the
present iwoeawd@sae 20 Fig. 2 is an expl oded view of the sPCxaisor/aioes
conponents of the nmotor of Fig. | illustrative of the positional

rel ationship anong the various elements. Fig. 3 is a perspective external
view of the notorpgf sk Qﬁart:&l ElBéi( &agxﬁhﬁfor&vhﬁdlﬂ %ﬁ&hm trRaGAgRRE a control
system sui t abl e for use 1n not or of Figs. % 03/ 030336

PCT/ US02/ 300, 191§1 Sis a partl al bl ock di agram for a w nding swi tching
circuit of t gm of Fig. 4. Figs. 6 is a partial three dinmensional
perspective vi ew qf ‘a variatio the nptor structur ar.r angenment shown
inFig 1. 57 63, 0 G250 BEC I BpBP e Y e gaaweqnoqfrgf t he

I nvention The notor of the present invention is suitable for use in driving
a vehicl e wheaebotof stamtugaliaprpsément showeickigl &, bicycle, or the like. The
drawing illustrations thus depict notor structure that can be housed
within asehicle 5 wheel, the stator rigidly nounted to a stationary shaft-
and surrounded by a rotor for driving the wheel. It should be appreciated,
however, that the vehicle



context is merely exenplary of a multitude of particular applications in
which the notor of the present invention nmay be enployed. Fig. 1is a
cut away dwewsgp3ed the notor structure, the el enents showRCTAG02/8006Dr €
detail in the exploded view of Fig. 2. Mdtor 10 conprises annul ar

per mmnent magnet rotor 20 and annul ar stator structure 30 separated by a

radial air gapetailEDERFRtioRdE tid Biventich € configured coaxially about an axis

of rotation, which is centered in stationary shaft 36. The stator

conprises a plur rr nts, or stator
aHidnfof of G LABAIE LBl o iaBleab Pk S5

groups. Core 15 segnents perne ggnaterlal

separated fro e ont act th each ot her, have resp ve, Wi ndi ng
pOIPtI ons 34 fg’}“r‘?kd g‘??lgg%am%’logﬁe SRIBHY SlE-AREYCIe 08 thsliker o %§’ geach group
conprised of two salient electromagnet poles allocated circunferentially
al ong the ai rillygjptionsibus depjet mefonprictus tht prrubahouspd wiithiner veidat magnet s
22, circunferentially distributed 20 about the air gap and affixed to a
non- magneti ¢ veireel tiar stitackgidlyameudd tadhétationampshalfearticafeehdetl bylauni num or

ot her non magnetically perneable material. The back plate is part of the

not or  housi NGofop foMirFing e FHea1C NEShoBI IS %&écﬁn&ﬁ hom\@erf fhtXihe IvéﬁlEfebUt I ons

produced by the rotor nmagnets may be enhanced y he provision of

?&?E&bé%h%é@ﬁ‘r@?ﬁ@%% <SP Py O MR o PR oo G Wit e

shown. 0 be erstood that the nunbers of stator poles and rotor
magnet s | | usf{“’r%?f)g’ﬂo prﬁ%?PbWe’EiPé’ﬁB?yalP?em%@y%rl ous ratios can be

utilized, dependlgg on desired
1g. 1 is a cutaway drawing of the motor structure, the elements shown

10 in more detail in the exploded view of Fig. 2. Motor 10 comprises annular
permanent magnet rotor 20 and annular stator structure 30 separated by a
radial air gap. The rotor and stator are configured coaxially about an axis of
rotation, which is centered in stationary shaft 36. The stator comprises a
plurality of ferromagnetically isolated elements, or stator groups. Core

15  segments 32, made of magnetically permeable material separated from direct
contact with each other, have respective winding porﬁons 34 formed on each
pole. Seven stator groups are shown, each group comprised of two salient
electromagnet poles allocated circumferentially along the air gap. The rotor
comprises a plurality of permanent magnets 22, circumferentially distributed

20  about the air gap and affixed to a non-magnetic annular back plate 24, which
may be formed of aluminum or other non magnetically permeable material.
The back plate is part of the motor housing to which is attached side walls 26.

The flux distributions produced by the rotor magnets may be enhanced

by the provision of a magnetically permeable element, not shown, mounted to



operational paraneters. For exanple, fewer el ectromagnets spaced at greater
5 di stances may produce different torque and/or speed characteristics. The
stator cwp@3ssPsents are secured to a rigid skeletal str®crarse2a®es hat is
centrally fixed to the shaft 36. Spine nenbers 42, equal in nunber to the
nunber of stator groups, extend radially away fromthe center of structure

40 to U shapegt flcRbE the rftbr mbdfetsH SHhaR@dotdk AHaBnsts BRSshawd. 1hig$bat or core

segnents contain mating 10 hol es by which the stator segnents are fixed to

the skel etal uﬁ&érk'té&&’ﬁﬁt B 18RS gé %%,8 (SpRgERaalAdiagaRL Pl T of

stator segnents stator segnent ornin pal ro I ne menbers
together defi ne] space W thin Wm ch cj t el erre Qﬂnt ai ned. The
rigid spine THOTYCEHRPAD ASVAEIOUSFHOS 8 eE ized, depep gt°6”%?’6 de the
necessary structuyral 15 support as well as to accommodate circuit boards
45. A circui peetens! prrameiesy. i Rpriesaupls. femipr plectapmasists spacasat Bresfsitne portion
in any conventional manner. Each circuit board contains the control
circuit ebenmdistmcesrday piotladeediffervaceghefantd/oappdedehtiacterisdcse Mhe giatorng curr ent
t hrough appropriate wiring connections to a winding of a stator core

segnent to Wapghepfients! Eﬂe@@cﬂ?@d td @ﬁglu%ka@taﬁéthﬁﬁhedo thadt iSQAHLLY BfeAPPr €Ci at ed
that all control circuit elenments and swi tches can be integrated into a .

Thoomot or  posil Sanin SPEeHABeRR" pdi R 1Y Blorflr JPRE: 21 V! 0N

The notor power supply is a
Shown) Tor 1 A BHEPR SETUb NS FORAE (65RO CHHE o L OGBS 1o
03/ 030336 PCT/ US02/ 30065
44. The U-shaped plate sides and the stator core segments contain mating
10 holes by which the stator segments are fixed to the skeletal structure. Each U-
shaped plate engages an adjacent pair of stator segments.

Each stator segment and adjoining pair of spine members together
define a space within which circuit elements are contained. The rigid spine
portions 42 have sufficient surface area to provide the necessary structural

15  support as well as to accommodate circuit boafds 45 . A circuit board or
hybrid module may be affixed to each spine portion in any conventional
manner. Each circuit board contains the control circuit elements and switches
needed for application of energizing current through appropriate wiring
connections to a winding of a stator core segment to which the spine portion is

20  attached. It should be appreciated that all control circuit elements and
switches can be integrated into a single circuit board to provide even greater
economy of space and weight. The motor power supply, represented by

batteries 46, is also self-contained within the stator spaces. Appropriate

receptacles (not shown) for the batteries can be fixed to the spine portions 42.



The receptacl es, which may be of any conventional variety, permt easy
renoval of the batteries for replacenent or recharge. Wiile a single
battery WoOro3mamshe space i s shown, any conmercial |y avail alpiCa/usar/swsy type
or battery pack that is of sufficient capacity to supply the necessary
notor power may be 5 used. Thus, depending on particul ar battery

char act eri st The rezeptacted, svhictr inge be bEamy corwertional varieoy pehgit passi bl e to use
one or nore spaces for location of other elenents. Fig. 3 is a three

di mensi onal gxidanal thy betérRs féMepBdMint SY fdcRMRLOf WHilS: singdle Bibrg- The rotor
housi ng outer ring 24 and side walls 26 are configured to 10 Torm a wheel

hub on whi ch i t . t. irectly or, indirectly via
spokes. The gdgte%ér}{ %%ﬁg Shgﬂg%a cl%g’ﬂ?%glra gg?xfaggg%egérahr%&tﬁ § 8rnba§t88'ut t he
stationary shatt. 36 via bearings.38. Th | i ndrical rotor housing
structure sﬁ?%ﬁ%d%oﬁ?ﬁ%‘?’é&c ga%tﬁfﬁﬂls‘él?p?}’f SRV ITROR RO ABINGS v al i gned
in the axial direction with the rotor across the air gap. 15 Fig. 4 is a
bl ock di ayr atiedf Thus,dspenslingernpartifulaybatiery eHazactematicsamd reotpt dyed to dri ve
the nmotor structure shown in Figs. 1-3. Stator windings 34 are switchably
ener gi zed byrednirarhergs,dumagbé pessihiié tedbefonevr poveipas@ULER VG el ectronic
swtch sets 52. Timng of the current pulses is subject to the control of

sequence congihel di&hefi®, Which is responsive to feedback signals received 20
from position sensor 62. Sequence controller may include a m croprocessor

O poct Y2l ot 0850 561 S MOV ORI, AENSL 02 i o,

schematically rep @as srngle uni t,""s .
P e et Y aBP2 ho PG usiod b ing 23 and Site alli 36 are conlzutbaio © 4" ¢!
10 form a wheel hub on which a tire, not shown, can be mounted directly or
indirectly via spokes. The rotor wheel housing is journalled for rotation about
the stationary shaft 36 via bearings 38. The cylindrical rotor housing structure
surrounds the stator annular ring that is coextensively aligned in the axial
direction with the rotor across the air gap.
15 Fig. 4 is a block diagram of a typical control system that may be
employed to drive the motor structure shown in Figs. 1-3. Stator windings 34
are switchably energized by driving current supplied from power source “50 via
electronic switch sets 52. Timing of the current pulses is S.ubject to the control
of sequence controller 60, which is responsive to feedback signals received
20  from position sensor 62. Sequence controller may include a microprocessor or
equivalent microcontroller. Although position sensor 62 is schematically
represented by a single unit, several sensors may be appropriately positioned at

stator sections along the air gap to detect rotor magnet rotation. The position

sensor may comprise any known magnetic sensing devices, such as a Hall

10



sensor may conprise any known magnetic sensing devices, such as a Hall 10
WO 03/030336 PCT/ US02/ 30065 effect devices, giant magneto resistive (MaR)
sensors, woead/030s¢ ches, pul se wire sensors including anor POOISITE06Dr S,
resolvers or optical sensors. The use and control of electronic swtches
for application of energizing current to notor w ndings are conmon in the
art. Fig. 5 é¢ffecadgacdsi gilantmagneid reSisdva@viGR) oénsarsswied switeless, misk dri ver for
an individual stator core segnment w nding. Stator winding 34 is connected

in a bridge &iregetisbrsahclh@b afffelshoub berisdrs, fe@olRErs ondptical 8aModshat any of
vari ous known el ectronl c switching el ement s may be used for directing

driving current i Efg ﬂ 4 such as,
for exanple, bi po aér&%ragﬁgﬁgt?@rogteﬁﬁ%ﬁg%gg% gEé;(;ong%gé@ frrect ed in
series across the rce, as are.FET 5 FET 56. Stator w nding
3 i o connectEP LI R "HNEUR EUP TR R BEEL: JRE. TS s L sires FET

circuits. Gate driver 58 is responsive to control signals received fromthe
sec: :- dontdiagrayofgrsviishspiang daver {aen srdividualatatoricore ssemgat e termi nal s of
the FETs. FETs 53 and 56 are concurrently activated for notor current flow

in 15 one dwindotg. dhatoFeinding 34istcohhavted in athielge eivarisef fdur FETY. dnis FETs 54
and 55 are concurrently activated. Gate driver 58 may be integrated in

sequence ConbiRlundérsfBd Mat GBYBT VA fousd kﬁ@@ﬁ‘%ﬁ%@orﬂé kwRéhisd él@hﬁbﬁts nfdyd- 6 1s a
partial three dinensional perspective view of a variation of the notor

struct ural - ad AR RIERecIPIR LY oFikth id e WP RGkeTeBloBAGR G at or | 20 core

segnent |sforrre esetlon epo es rather than split

winding 34 such as, for example, bipolar transistors. FET 53 and FET 55 are
10 connected in series across the power source, as are FET 54 and FET 56. Stator
winding 34 is connected between the connection nodes of the two series FET
circuits. Gate driver 58 is responsive to control signals received from the
sec .. "= controller 60 to apply activation signals to the gate terminals of the
FETs. FETs 53 and 56 are concurrently activated for motor current flow in
15  one direction. For current flow in the reverse direction, FETs 54 and 55 are
concurrently activated. Gate driver 58 may be integrated in sequence
controller 60 or comprise a separate driver circuit.
Fig. 6 is a partial three dimensional perspective view of a variation of
the motor structural arrangement shown in Fig. 1. Winding 34 of each stator
20 core segment is formed on a core section that links the poles rather than split
into two portions wound on the poles themselves. Fig. 6 also illustrates
position sensors 62, each provided at a corresponding stator core section.
In this disclosure therg 1s shown and described 6nly preferred

embodiments of the invention and but a few examples of its versatility. Itisto
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into two portions wound on the poles thenselves. Fig. 6 also illustrates
position sensors 62, each provided at a correspondi ng stator core section.
In this cwemBosnise there i s shown and described only prefecraso2/awhddi nent s
of the invention and but a few exanples of its versatility. It is to 11 WO
03/ 030336 PCT/ US02/ 30065 be understood that the invention is capabl e of
use in vari obsugdendpodibatshemvenion iacapablewil ngnineatisustikricombapafise of
changes or nodifications within the scope of the inventive concept as

expressed hearsl envirbamerts andis@apabie Sfthakis 3PRLEFcali AR witHih@e WRLrof the
invention can be utilized in a wide range of applications in addition to

vehicle drivgg; ti e | | ion. of. a vehicle
i ve, that (B orerodcens BFREN Rfc Fol SRt COR R Ibb Ry o
advant ageous, ut | L] ith the stator,.syrrounding the rotor. Thus, it is
within the t(lzjgn Oé&r)rI{) éeilgxergpntcﬁlég? H\}I&?H?‘bﬁwt‘%dflg@afgﬁpPlﬁﬁ?@Pnﬁﬁd out er

annul ar nber..may conprjse either the stator or rotor and may conprise
either the of 5P Vib‘ggldé’é’ﬁ?-o%t]ﬁétlﬁspféfeﬁgﬂonﬁledmpmemami@npf magnets. 12 WO
03/ 030336 PCT/US02/ 30065 CLAIMS What is clained is: 1. Arotary electric
not or corrpri‘sﬁhné¢dlaver,dtamhehawrslgrcmnpth@rsedtcblt(ythexfappﬁcaTrBﬂmhyﬁﬁ@nets di sposed
in an annular ring configuration, the magnets alternating in magnetic

polarity al cayamagédusetility with the stator surrounding the rotor. Thus, it is within the
contemplation of the invention that each inner and outer annular member may

comprise either the stator or rotor and may comprise either the group of

10 electromagnetsor group of permanent magnets.
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annul ar surface; 5 a stator of annular ring construction enconpassed within
the rotor and separated therefromby a radial air gap, the stator

conpri si ryO 0a/opl3eé al ity of ferromagnetic core segnents f@crarsaysmwsi cal ly

i solated fromeach other, each of the core segnents having respective
coils wound thereon to formstator 10 w ndings; an outer radial periphery
at the air gAY an inner radial periphery defining a volunme w thin

whi ch substantiallTy no flux traverses; and a controller contained within
the vol ume for apRinyfdagngigdi.zation 15 current to the stator w ndings. 2.
Arotary electric notor as recited in claim1, wherein said motor is a

. brushl ess notor 3n%[ V\/rtlere'i n said volune .further conprises: electronic
swi t ches responsi ve‘t BHREEHBITPYIT EPMPRH i recting current froma power
supply to the stator windings. 3. Arotary electric notor as recited in

claim2, wherein fHeosRINg a pluygity °f pFORBENPTRNEBCEYReGHH amaohulae f urt her
conprises a power supply. 4. Arotary electric notor as recited in claim3,
wher ei n t he sihgtamfiguratidnédre mapmptsiadtemating 0t magyeoisigoieity sleng af idhayi ng an
out put connected to the «controller.
annular surface;
5 a stator of annular ring construction encompassed within the rotor and
separated therefrom by a radial air gap, the stator comprising:
a plurality of ferromagnetic core segments
ferromagnetically isolated from each other, each of the core
segments having respective coils wound thereon to form stator
10 windings;
an outer radial periphery at the air gap; and
an inner radial periphery defining a volume within
which substantially no flux traverses; and

a controller contained within the volume for applying energization

15  current to the stator windings.

2. A rotary electric motor as recited in claim 1, wherein said motor is a
brushless motor and wherein said volume further comprises:
electronic switches responsive to the controller for directing current

from a power supply to the stator windings.

3. A rotary electric motor as recited in claim 2, wherein the said

13



5. Arotary electric notor as recited in claim?2, wherein each stator
segnent conprises a pair of poles circunferentially spaced from each ot her
at the owDaw/opBé phery and joi ned together by a yoke or IPCARiSoy3@esti on at
the inner peri phery, the pair of poles having opposite magnetic polarities
at the air 5 gap when energization current is supplied to the segment

wi nding. 6. Aotuhafiyther eshprises BRoder afpphecited in claim5, wherein the

wi ndi ng of each stator segnment conprises a wi nding portion on each stator

pole, the —windi ngt.m&g@@e&ﬁcﬂﬁ%}a@s;éﬁxmaamngh&@mﬂesta gpposite

directions and connect n series tar ectri °6r as recited
inclaimb5, relcoﬁjges g pg]? st.at or 8 is.fo rred on the
yoke or |inking porlfn BOAPPG lgpﬁe’égloéh?vr‘f’%a%‘ﬂtl? t%?ém?‘ﬁﬁ‘? td8ein claim 2,
wherein the electronic swtches are connected in bridge configurations,
connect ed re§8%%?1[e&ely to correspondi ng stator segnent wi ndings. 9. A
rotary electric notor as recited in claim8, wherein the wwdth of 14 WO
03/ 030336 PCT/ US02/ 30065 the current pulses and the selection of the
switches are controlled by the controller in response to signals received

fromthe rotor positA alayen&aic mdfr aérécﬁécafryclﬁh?@t%é}exﬁ%ﬁ{ stidrrecited in
claim3, wherein said power supply conprises a plurality of replaceable

batteries. lleoediebd gfﬁ%e%ﬁaﬁf dSofRHeuFer rﬁﬁl'll&%gadea o E%}g}beawer ein said

batteries are recharg ries capa rec rom an

the outer periphery and joined together by a yoke or linking portion at the
inner periphery, the pair of poles having opposite magnetic polarities at the air

5 gap when energization current is supplied to the segment winding.

6. A rotary electric motor as recited in claim 5, wherein the winding of
each stator segment comprises a winding portion on each stator pole, the
winding portions of each pole pair being wound in opposite directions and

connected in series.

7. A rotary electric motor as recited in claim 5, wherein the winding of

each stator segment is formed on the yoke or linking portion.

8. A rotary electric motor as recited in claim 2, wherein the electronic
switches are connected in bridge configurations, connected respectively to

corresponding stator segment windings.

9. A rotary electric motor as recited in claim 8, wherein the width of
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external source when renoved fromthe stator and of being recharged by
regenerative current applied by the stator segnent wi ndings. 12. Arotary
el ectric wotosn3@mssrecited in claim 10, wherein said batt@CTrasoas@®6s
rechargeabl e froman external source. 13. Arotary electric notor as
recited in claim 2, mherein said volume further conprises a circuit board

having mount gd ket B §ORLIEON 0T AD i A bENGRroid pAkot ary electric

1t
notor as recite wherein sard con nprises an

application s fi.c |nte rated circu C)..15. Arotary electric notor
as recited i‘f?pngrloL{Frri‘PfeSp\%gertg Ségéﬁa r§‘iﬂ1Yﬁ¢Eé‘i“§ th Bﬁtpﬁﬁf‘f”&ls‘i’“fogyl indrical. 16.
A rotary electric notor corrprl sing: 15 WD 03/030336 PCT/ US02/ 30065 a
rotor having a pl Utabiretgrotleqias mefurms reriigAdn slaim dpwheeinsaidpevinul ar ring
configuration, the nmagnets alternating in magnetic polarity along an inner
annul ar sur f apely ®ngpristas pluraity afireplageabie bajteciesnst r uct i on enconpassed wit hin
the rotor and separated therefromby a radial air gap, the stator
conprising a plurality of ferromagnetic core segnents having respective
coils wound thereon to form stator w ndings, the stator having an outer

radial periphery 4 ANGaf) e8P ntAt asdhifeRE N fh Alndighispery defining a

vol une wi thin whi ntia av’erses and

batteries are rechargeable batteries capable of being recharged from an
external source when removed from the stator and of being recharged by

regenerative current applied by the stator segment windings.

12. A rotary electric motor as recited in claim 10, wherein said

batteries are rechargeable from an external source.

13. A rotary electric motor as recited in claim 2, wherein said volume
further comprises a circuit board having mounted thereon the controller and

switches.

14. A rotary electric motor as recited in claim 13, wherein said

controller comprises an application specific integrated circuit (ASIC).

15. A rotary electric motor as recited in claim 1, where said volume is

substantially cylindrical.

16. A rotary electric motor comprising:
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a controller contained within the volune for applying energization

to the stator windings. 17. Arotary electric notor as recited in claim16,

current

where saiwowalosesee i s substantially cylindrical. 18. A roemyuset/swssi c

notor as recited in claim16, wherein said notor
wherein said volunme further conprises:

is a brushless notor and
a power supply and el ectronic

swi t Ches 1 esponSi KeoihPhilify SBIAIAY e perhBhenhagRl dighoSu FeanfyG} t AL i On

fromthe power supply to

10

e stator I NgsS.

ring configuration, the magnets alternating in magnetic polarity along an inner
annular surface;

a stator of annular ring construction encompassed within the rotor and
separated therefrom by a radial air gap, the stator comprising a plurality of
ferromagnetic core segments having respective coils wound thereon to form
stator windings, the stator having an outer radial periphery at the air gap and
an inner radial periphery defining a volume within which substantially no flux
traverses; and

a controller contained within the volume for applying energization

current to the stator windings.

17. A rotary electric motor as recited in claim 16, where said volume

is substantially cylindrical.

18. A rotary electric motor as recited in claim 16, wherein said motor
1s a brushless motor and wherein said volume further comprises:
a power supply and electronic switches responsive to the controller for

directing current excitation from the power supply to the stator windings.
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