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Mot or Usi ng Magnetic Normal Force Technical Field The
invention relates to notors able provide high torque
wa@roorous2speed, and in particular to the use of PECHUSZNT/005523
magnetic force in such notors. Background Art
Mot or - Gener at or machi nes able to provide high torque
at | ow speed, which are snmall and conpact, are
di sclosed in the art. WO2005/112584 (Edel son)
di scl oses a notor-generator machine conprising a
el otl ess AC i nduction notor. The notor disclosed
therein is an AC induction maghi ne conprising an
external electrical rrerrber attached to a supporting
frame and. an_int naI r|c er a hed to a
support i naijl bP& ﬁé"rbg q;]n %rgg:’ L'Isaﬁﬂre%g
and the electrical nenber attached thereto conprises a
Ali@’%elr Afogyrface mounted conductor bars separated
ronmrone anot her by suitable insulation. An airgap
The nfneaiwoejsre:e&aweeotrhﬂ:omfagﬂeta srfaidel RIh Qf)r@@e? &taléw speed, and in
SELect ri.c rgedgg r r e, usu nctions
partlc il%%ttort:g% °st gjtgo t§ xgarggl%%%? |EQ Jendsél %Lpog-"l “tron by
the present invention to either role. The stator
Backgaispmidsesrtat | east three different electrical phases
supplied with electrical power by an inverter. The
Motor-GeRPrIRE BARYARE AR ewWFAdRY iev Afiguketduenat sy sheed, which are
smallr @hQrecsippPoy tarpetiddisosadial thotaid.on. WO2006/ 002207
(Edel son) discl oses a notor-generator nmachine
WO20084 APt T84 NEH P hdtrdeacd rad FPtAC IPREFI e WREhinsheprprising a
slotlpist CAC vinddetign motdhe Thel hamatengli sdiobsd tih@rbfs NMNkE AC induction
machl%dgémﬁflsgné{\laa\ﬁeEQEégnal.\Ll éfeéé}gcgym%epfatttggﬂé t% Q‘ supé;ortlng

‘ g ¥9 Q%; an val ue connect

rand e P AP RETH. b SeT'6Ebd PREY AIFFE=S ' GhBEELRS core; one or
both Frgeertd BEf MOtAgs turpdnthy clatirigahoudrbes Awtdchgd arhereto
comprh.@_&él‘d efumBéd \&F bhdtader avhkles BBidickbBanddar Sgpaﬁ@@ggsfl@cm one
anothq_{'l M}E S\Q@L\é gPJ %g&lmr qon&hé—ﬂn‘%er eat xaensd bce: al aCttgcraln%aegnetlc

at e wn ine have a pit
porticBesoy g 1A FOFH GHEF UG BT PrRIECHD| s,het hleual functions of
rotomiendi figgocarmtc ennesitedihDgel herpdsitdomBghrhétmles@fit invention to

eithedCkbte CONRELIHOR. Il 1E6E Me Wed Qgreé hﬂrf@éper[te §E§t1:tiQ:a1 phases
of the W|nd|n s an r COI s and/o

r.Qu of al |
su‘pplleﬁdglctt%org% oF 55| simglcE Phade ™ ess hEPIPESs 2 %standara
Wlndﬂglgeewfﬁﬂearaalq?e \")\il‘hdﬁhﬁgr‘t"tP&t semfgtt. Pﬂ’tf@éisea@kﬁlphraSetlon
W0200%9g§§ﬁ§0L75 B%?lson§ugzp éiogfgls fat ﬁgg & nerator ac%ﬂ}f ﬁg:gpréts:mg a high

driven Vet supply
1-"hasepﬁ’5§"ér &‘ﬁgt“%cfaeﬁeﬂa‘éhtsheﬁt tﬂi‘écbo‘we’tdl%lptﬂfytbha@@lewmg, H is the
harmddiaS@sicrOoi Gvﬁvéfo:hrﬁ Qom&@ﬁeeﬁumbezhgf phass ﬁpgil @ifding, and A.

s h I f C se s, 8qu t he
1 thFe g g’%lgﬁegfs%ppg& efdfse'—:tq“b %cgl D%tgoﬁia? ciperein is a
high eflaae \MrﬁaFr@“ﬁe’s"nf‘h@gnﬁﬁfﬁr%Tt SPFRRIAR] watmae@?\e@s an inverter

drivehghaegrovhées lmppéytlhaa:l thode phesad Bdi afivendatd®>ack narmonic
orderN@l fardf chBEaMeRULOY in that the windings of the machine have a pitch

Tec

of less than 180 rotational degrees. Preferably the windings are connected

together in a mesh, star or delta connection.

The term ‘winding’ therein refers to the group of all of the windings and/or
coils and/or conductors of a single phase, unless otherwise specified. The
winding that constitutes each phase consists of a ‘supply half’ and a ‘back
half’. The ‘supply half’ is driven by the power supply, and has a phase
angle dependent on the power supply phase or phases to which it is connected.
The phase angle of the back half of each phase is equal to the phase angle of
the supply half, offset by 180 ED. The pitch of a winding is the number of
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Recommended therein is a way of making the w nding
shorter and at the sane tine nmaking the nagnetonotive
wo e00ca03re6 e si nusoi dal, by using short pitch wemUsye7/005523
and by distributing the wi nding over several slots.
When the coils of the winding are distributed over
several slots, there is a reduction in the conbined
i nduced el ectronotive force. The individual coils of
each wnding will have a different spatial orientation
due to the slots and there will be a phase difference
bet ween them Concentrated wndi ngs may al so be used,
rotatlmgf edegrgbse ULIREER %ee%l@ahiuotafatﬂ@ NYLEPL8a the back half
contal ned in one slot only. A nethod for opérating a
of thenpipflifHase order induction motor is al so disclosed

Recommteﬁgéc?'tﬁeréﬂ%’ qlgv, %f%?%é}h‘ﬁa' e QIQHE:@FQ( A0, D Ma0G1 W% he same

Into connection wth a value o that provides
time making GhenprietPEAyE s AOETe8aTE oﬁl&tiéo’rdeﬁlat P%rfl%ﬁgnsmrt pitch
windingperatd by didtribttimgashe twiodbed cokrfsevstral sectigd affbn the coils
of thel nhﬁcﬂlﬂaaw@rﬁﬁ,trimear desr hacomni %@otbﬁi r&geweisn“asr_reductlon in
the co fl C%I &a O? %12‘?’8}/%0g!.1.\§g:: C%u%}e‘la{'&l f grlduagi %g?‘: each
Wlndln@hU%Jd]t RgVe s tGEEpEmEd FP?%nPrWﬁfﬁﬁ?fbéiueTFfé %’ieﬁ?i%‘”—% gnd there
will meehamiase ehbf«dienge fixeiveen tthatn. i s optimal for the

desired harnonics. D sclosed in W2 006/ 065988
ConcentEgtds ¢itpd i rIsa "Bt Brecgbp erstlor WhtaehR i 6APES sifngach half of a
windingt at@rco@oklsedradnshearsouncrtie | nsi de and outside of a

stator. The nmachine may be used with a dual rotor
A methognfoh SPEERCirgo 2t gl BBRFF CHEeT neFHet 1ard "atP% iifFeabfo disclosed
thereimheistAaivdong rmecbelmnwveonréwemgomdein@rﬂgwemw RDREES connection
with amgllpe 011!55 dt:ha{t rp.tcg\?léyftghS‘LIb%%gIQ'glaloL?lﬁ% e@%or?ue relation

mts t shows a nor na st at

when °<§‘Fr§ﬁ’61'? é(ht%p?ﬁallﬁfﬂ's EWRhPte OFi Fifsd - 25%53Rs alad sthqf@rharmonic, low
order \Mathorigis| e ivaninte anundffihdennsi de and out si de of the

stator. Said coils may be connected_in series or nmay
The ahgye; W&@ﬁﬂ:éemls fvﬁtwedmepn@nseéﬁcqwnsof a winding pitch that
yieldset offfpenet atlorrdineg Mageor aforACL legeht | loadnondéat | Mge aim is to
selectdRPBRAMUS g B2 iAPOSAT 19 op@i k@t Al e SHRILBAtAAbY i cs .

cylindrically shaped stator that has one surface that
Discldsgdesn tioaopatamsosanttdalaombers afmccondumotaraeot Oldchine comprising

statorEaghl§QJolunliSax(yu§§0§&€éj :L!ngn.@e |aQ@podM%liEiQ &@r oggﬂclﬂ/ The machine may
be use% 89&? “36 ft 8r comblg'llat\f/ﬁ gegfgsﬂhat £?i-fq1 %E{B 1rasr1| e and outside of

prOV| eés nore ree different

the Stﬁﬁ%é%a?t Bet #ekiEsi | Bven Ardex Gt e rhagReREH sTEAY | Pe hle'ed' if the
pitch rfachbnEorstiagwmippends wethitseehdbmor slots for | ending

firmsupport to said coils. T he slots may b e on the
Figuregflaplvss dr FATE L HatOFAC B2 1 e OFf G1USP BR 2HPS52EHF t Bile Figure 2
shows @ppostdre witatarilsuwdaceardundacps efnefite hn@nbock iRNbF the stator.
saia R3688 Wiy bBec&Rid-Sed SiLLYEL BrYnd, ¥R SUf e Hedicat ed

drive phase. However, if a nunber of coils have the
In onesan@ocpmeaseaﬁgdhésatsomegmaher megihdnars exnpasi ¢éle@fteflcdin rotating

apparattkl@ 8¢ alodbobdn def. f £roRbrpal %bsémglf@%ﬁhhﬂmtlhyeé%ped

statorx %hag na%Ctogg stucz):%ggget t%:ofgceesdrthverré)t:o B tar}led g.agEmb(cjarrl gfe conductive

coils. Each coil is disposed in a loop wound toroidally around the stator. A
drive means, for example an inverter, provides more than three different
drive phases to the coils. In a further embodiment, the machine is equipped
with teeth or slots for lending firm support to said coils. The slots may be
on the stator surface that faces the rotor or also on the opposite stator
surface. In a preferred embodiment, each of the coils is driven by a unique,

dedicated drive phase. However, if a number of coils have the same phase
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phase. In a further alternative, where two coils or
nore have a IBO el ectrical degree phase angle
walrdo7aeece bet ween them they nay be connect ePICT/HSENT/N05523
-parallel to the sane drive phase. The AC nmachi ne
coils may be connected and driven in a nunber of ways,
i ncluding but not restricted to: a star connection and
a mesh connection. It is preferable that the drive
means, for exanple, the inverter, be capabl e of
operating with variable harnonic drive, so that it may
produce the inpedance effect3-1n one enbodi nent, the
angle 69idr® aherENNESd eFeWhddLtsBREd R Led Maodi rhgﬁdlkflex%nt poles,

these R%}Ffa%q:reggat%qggglﬂe oh&ech:%dc <I3C_!;e§: are C%nn :(::J]_:veen ttheH:?me drive

e to operat *f ot “pol ee "uR¥et
phase. V\HéraefFF‘F%ert Ré C PO ME ¢ “@Fﬁ@rt“@f cehEs @Fi WW@?@ hB0
electrtwel cieglkee MhysbeargernéitfiettehOfeichterd N8RS 1%y may be connected
in antpagaalah@gl & captinarablal pnaddl U S. Patent Appl . Pub.

. 2006/ 0273686 (Edel son"et al .), a notorgenerator
The Acntamnme tellgi sey 0sedotmsenSamy daipal Yphas@undlee Cét ivays,

incluafRy qutV\ﬂb@rl«e'sﬁrP&?efdeEéblay sEQPNRGLEd: { o‘i\ dhd Vae n§¥§t¢e<§£§1ectlon It
is pre¥ﬁ g%sh con ions to provide variable r at

t OP=géi & 8 5% RO nE I SEPBbed TFReFEIFCer, be capanie of
Operat6@ﬂnﬂ1F§e§a¥ﬂ?béﬁlh?rmwnhgnﬁniueatsdatyatnmynmeﬂ medgae (khe impedance
effectaXi® oneadm@i@abhit Calhel FSHIGE h AN JMLOF L LOWPEH SIHRG: ®Ppitch windings.
In a p&Qfgreén%Tﬁ)ditngﬁpr ’thgngm.qgmlﬁpe\:/ec%%gé%telde L Cal}:Jllg to og?rate with

connect e sal d st at o8 §OF5tSt
2 polegs fr,fopg RAlEEc HEW o ShiHeRtl dfidthhdapteric efdemicf the drive
waveformt Jheoroslisamoy hes cahtaofeadtégtheai th axkees SpabBaBlel, or anti-
paral188Chi ne may be | ocated inside a vehicle drive wheel,

and allows a drive notor to provide the necessary
In U.St Papget Whitdl -r ealsonweb| 2o®ystevaasagBde lsknoae AMhodi by -

generat:thle mab 8l L 1%0H.1L&IQ;s%dV%ngI:@Jde&%hlagéIQ%c@ggc motor which is
ut side of ator. In a further ‘enbodi nent he

prefergb e/h conneccotntdalg?ls rive %stﬁbnﬁb\éara BlFslbhcgglagcth}néaisgrPWéﬂe

. variabig W@z FRLigst u'F]MePtemﬂﬁduenemr mefeiqshdsesiaaed therein comprises

an axl€prN@obetbtdatadl B n€OdN RRCELON axh.Q arf WitdEfical induction motor

comprlg:m}_qogl gg{gr a‘ﬁécéﬂ J%%L;Er, %ﬁsgn Il% Qgeerp%qgent L?)élgglcvo%nected to

b e second harnopnic drive

said sffheii v TrprovRmett §25¢ eméﬁﬁd?reﬁfa?‘ﬁf éﬁf?"e‘?aé’ﬂi’é? g@aid hub and
the other lafngatkroitpy . oNEROOGY 1%342%kchEdetgen)d di-ael. oses a
enerator nmachi ne conp r|S|ng an i nduction and

ot oQr, -
such a ch’&ﬁgd“aryeIbﬁc%%‘f?d:gdnb’i‘%ded%s‘feﬁ‘ﬁé 4 i5pethasd - agnd allows a
drive pefayctanezeviide hilrre natesowyspeens afih apasaciQbageden mass. In

one emlSH&ﬁJﬁllefie e BeghospReeUs areTh&lﬂE)EQéurQ'f |t}4§ ﬂ[sq\éEdgéd RREEide of
e n
the stgtrbqn jﬂzﬁ% rfq!rglfu?er{ %m}oo n e maclR gﬁntea%élﬁ_pfxehlglhhgumber of

N synt hesi zi eren arnDnlcs
phases mﬂr(?ﬁtﬁ’ay‘h&é‘ Wothrd wie i ey F—FﬂP%dPéﬁPt pHdsephasgard are
connectdye idr & ieesimyolygeatapabl enoé Sutppkyidipob e TEBLS) half-phase is

1ndepeﬁ@n&d¥g<l§)hid'r.\;e?2%ﬁ é?éw@r&&ongh%r%ﬂ%gi?ﬁ‘g%%‘ﬁéod%gé? J_n%edance effect.
Improvg“e;%tgrﬁ]fesyaﬁgrf Tul ar?%lcdf?%laé‘dfpa?ﬁklgﬁl%ﬁf?sﬂﬁgse or der
wozoos)'ﬂduﬁil OfueTBER) NB AL bys §y1§$t%'{5ggrf1erta|%grtr)(agz%lqgsc?rlm%sr§glng an
:Lnductlcﬂx and switched reluctance motor designed to operate as a reluctance
machine at low speeds and an inductance machine at high speeds. The motor
drive provides more than three different phases and is capable of
synthesizing different harmonics. As an example, the motor may be wound with
seven different phases, and the drive may be capable of supplying
fundamental, third and £ifth harmonic. The stator windings are preferably

connected with a mesh connection. The system is particularly suitable for a
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U S. Patent Nos . 6 ,657 ,334 and 6,831,430. T h e
stator of the induction/reluctance notor nay be wound
wowaoh/1ed2ge even nunber of poles. The rotor, in PCT/US2007/005523

conbination with the stator, is designed with a
particular structure that reacts to a magnetic field
configuration generated by one drive waveform
harnoni c. The reaction to this harnonic by the rotor
structure produces a reluctance torque that rotates
the rotor. For a different harnonic drive waveform a
different nagnetic field corkt+guration is produced,

high ;fh@%e }Mﬂdtﬁb Ixtﬁcﬁ:@&@rma%%lﬂh'&t&ilﬂee?sqfskgﬁf d@be type disclosed in

S i a n e_reluctance torque is
u-s- Iﬁg %Pa %ﬁbg? 8 ¥yhdlic field configuration

The st'a@g:HQﬁs Y bﬁld%@t:'i@rlx/fe@h@iar&\ér {1@{315 mh{'] ﬁéq%o{u% Qfith any even
he currents, ased

number, °£:]q‘i’.1°q%tSS O roet éft° &%t heé ™ ST ng%%”g(‘:”?ﬁ# 'ﬂ’gasltsgr%%dl rEnfespned with
a Parﬁtlﬁélémd;GEWW EBrtucteaAt® Yrororagnehic igiedd eanfignpapion
genera®afbhave & dief heveftranhghnontigberrnaf rapitios Ml lehb e&ldtmonic by

the ro%g nﬁ:txjugtgpé %?roaﬁgese Sét @in,}cﬁ:ggge t%ré\gé q_theatt Egta[t%tsor:he rotor. For

Interference’ or correlation’
= aLE5ginT QPOToT Lo r T I TPERE™ 6 ROTIGARE MEREGeiiela contiguration

is. pradoked, feaushivy the raorstmichove defitheshet sfudbwitynt ey
neglidiB@e ni&gﬂet:éﬁ?cep(i'ogﬁe i ﬁrcﬁdﬁc%her HRWBes, WQHES Qxfagtnggl@ffleld
conflg;.llg'gticp %ngan% g? mt :;rbee [ of Ol' otor windings, and

ruct ur e duce sSups an eJI ucPance tor que
the C%ﬁa@?s @5@?&?? dﬁ‘dBFtﬂa"r’f Pia%ﬁtd ﬁaFw&m |te rfat?ﬂfeatmgqqtgrm e

In a E};%L:H%.I %%gdzt. [ Q:ugf tr}lderaglpc%rl%%l/ or}l.uc(:aanOtmlrc];u(r:zf g%r g rotor and

ar noni Fovi des substant! a
staton GRfyIAVE ﬁs%‘cffteée%‘ad%éht’ﬁ@bﬁﬁt%fr VEBY operlat kedfdsedMagnetic poles
are edthblisgledctanseape tigi pbeor andneedtRir-ant ¢ bhatcqrevi€es’ between

the s&%gklﬁidbk'gtcgle'tlégtﬁn&QIt 9&@&1%' §oll'i%@dtﬁ@ w@@hf\—!@lé g%les, causing
as_an i In a further "enbo

che rope o R A I PORP T A LhSE n b PSP e PP S ence
In a ﬂ%‘:ﬁ\@xe%rxﬁgglrﬁyﬁbgf Q‘fe %Ea&fy 1*1&1?1:91: Bn?ﬂ%utclﬁgnéléjm%%r the rotor

is std tgre(it eeth i equal to hal f e count o

vel Sped Raghsti 2 ‘?Wbéltan‘fffédr?%uc&ﬁf‘ ? 4¥vaste o‘t’tﬁ’terd%%eratlon of a
first th@rw@rl&‘et aw%ea nleal-‘ssnfh}rzt heucspabotditreate ofhdtheoperation of another
harmori:.l&dUCIHeOﬁArrﬁcﬁ{MCEHMQIHDi&'s. shB& 0t 81 e udeSiN@Orque is used

to cau\Met Qh@ n@ggpe{o %Eezc‘ é %Q ecPQJneis,hs? efllléil%(argzw des tthe, and a

N r‘Lollro uces substantia uct ance tor ue under tHhe
Armery SeFatY BROBIASE ﬁﬁaﬁe@tﬁb&eﬁ%uatﬁwceatem%ulﬁ Pofk teodive the
motor gt a@r@d&ebsomegtpg{ bl e rel uctance torque, and

ubst anti al.. i nduct ance-based tor under the

ue,
In a f5EPSY SR TS BE OTRE MBGHELPE/ ¥ SC820FY o0 S e ddRddiEference
betweqyokhe qymher Fheteter meghktdng Fhelmsbar efsebtop tHe@tA is equal to

half &t ah@rporbayd i BBr€nd ﬁ@ﬂeicﬂi’e@eméjg]h ket efle1RNRSES BCErive the
rotor %Ql%fto 'l;\égugésfn{{?%r ent har noni cs at develop a

erent nunber of poles to one another, are used.
In a Hu@Ehér tel‘nBB&inténQnobﬁiﬁ&egﬁdﬁdﬁohﬁpé&%t:h&@c@%téﬁl YekaPCEor is
deSLgn%tif \Q;ths!a ﬁ&mﬂe%r ggsgllbllegt poles or flux guides that produces
substantial reluctance torque under the operation of a magnetic field of a
certain pole count, but produces negligible reluctance torgque, and
substantial inductance-based torque,'under the operation of a second magnetic
field with a second pole count. The two magnetic fields are set up in a
stator, having more than three different phases per pole. Two different

harmonics, that develop a different number of poles to one another, are used.

For a transition between the induction and reluctance effects, it is possible

to separately generate two different harmonics. The rotor may be structured
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to separately generate two different harnonics. The
rotor may be structure d-Sso that when driven by the
wharomaed2ee pr oduci ng the rel uctance ef fect, theP€DUSL007/005523

rotates in the reverse direction to the rotating

stator magnetic field. In order to enable the rotation

of such a rotor to be in the sanme direction for both
effects, the harnonic that produces one of the effects
can be synthesized to cause magnetic field rotation in
the opposite direction to the other harnonic. For

exanpl e, the harnonic used t&-produce the reluctance

so tha%f fest dE§v§ny:%: LR HoQmbhe: St-ahMingi Pl %iu:i:tﬂaxfc%Véfﬁsﬁzt the
hase order t er nat.i, veltylo th har noni ¢ _use

d.t
rotor 6PB%IEF€e18n‘éhe Y RE eef3 BT Roll dHe" % tJLn'flrostatotr hgjonetic field.
In ordgroducesblie rllﬂ‘gne?iF%:thPePfj AL 2 rretar e bR Phdheefrps elirection
for bddhl @Eﬁelcae, S Radsortike that tholidda®Bhe dM the F=fHe@88 can be
synthen?%ttaé q:% c'a'@é’”ee‘(n%?%&cr QHQ{d %ELQACQJ §9 B*Fe %Ef:g&ittlér ggrectlon to the

rotates in e same direction as the rotatin
other pggheticc fFef ¢*aThis F8epiatrartedsefor® & QdY%%§8ﬁ Iretuctance
effecthécasigepldny tarhenstater| vigénes aire rfverstehehast grdsone

Alternla%yeélpf thQ%@HQ@ J;@aeéo tRbEE ARM# tthleseﬂf&:ft@r ahl® be a

this be |rect ontor tation,
harmor’llﬁ téh?twptrﬁégﬁ eesrrﬁo‘aa%ee o‘? & nduc{_’ia%er?/ Fel T uc IRearse

directigporsudthes sthet G ﬁ’d‘Fﬂ@%waFE ToTRBETRARBLRS - THEWeVeTr, & rotor
could $paa ¥ sthectimehl tBaichosereacaotkl Bgut Qlibet Bfviasi eedotating

magne t}i%agfeﬁ t ‘Eﬁ‘l 4186 hbf@ﬁer%le@ c efotrhgnec‘ %Qs&@%e@gu&; fa%(;‘rt hQﬂnonlc will

he 1 nduct ance of the machine when different harmonics
generaaFFef%’i/rFthﬁe§?"z%rd Sorq Fyetnet lé‘ﬁb%‘i:ﬁ“ﬁﬁn?%se@f CPR@ie. and it is
prefejapdecthiagnthés vélankee imptbe samhed Stegtden WiondPrysiomay be
wr apped in_a toroi-dal fashi on around t he stator, the
L s
windimgsopse w@achcthd wenhphdde swar bE distresbuisedhampngstording to the

envisicMedagia2€Bt SOhSchide BuHCEnOfshi ¥an sphases-dTey be
induct qxugl o% Qchteht%ag\'t nJ%e{J QI d lfgéfc'en’t ?quxo%rlcgaa% g{ﬁtykreglzed

ase nay be strl ut ed anpongst two adj acen
in fulhfhea EdddinengdTRedt i@ Nthaud: R/ ¥PNasanBB ok NC @S aBor windings

may be r\n}r\ég%%c{] I:l.tn Lotosl% Eigfstlas?xﬁol\ln pa{l‘%%ﬁé t%f gll%errnaEﬁQ g41umber dpf driven
Phase‘i @agell’%éialﬁef‘%ﬁeé‘ﬁ"‘aﬁbﬁﬁ AgPE THpE: Rréﬁ%ln é’hﬁ?ﬁe‘“aaf be dls‘:rlbu“d
amongdta o mdj adenhy es wae ef remnbigibet be M iplasgismsesThey Bepeghel to the

numbe A2 JYRE ,BaNAFSDQLER Wi ¥en WALSE ORI 1Ra& U AGLEUL Abngst two

adi ac(_j:nt Sﬁmone harnoni ¢ order that the other does not
Jacgonp ¥e. The pol yphase notor al so includes a stator

In a f”mhar r&tb%amé& Wi ﬁg‘l 8sStrRl8l NAS ubks AR v dikNgs
ase drlven aiYL ri ve uni nd t € st at or. .and
|

synthgs” HAVE “Br of i T 68" réautltné‘dc‘frr nE cﬁJce subst SRET apen three per

180 d?‘-’éleﬁét a%f@etsa%@&choP%frwefeet amlcrﬁnmﬁyeﬁé\ Bgea Aype B harmonic
drive hatepait S viee WapREoFd | ShapRpeed. anfheygOtBOhahdshic drive

wavefe;sen&d gg&%,ln%m@datf %aspcr %@Lu%moﬁybmey Alad PHUCSARGC s not
rotor rotation 1-1%33 A Star noni ¢ drive

comprb\%e\/ef "lo‘ll-,tem];iog.yg}b?ﬁe gxator a so 1nc ator and a rotor, in which

the stator has N stator winding phases, driven by the drive unit; and the
stator and rotor have profiles suited to produce substantial reluctance based
rotor rotation when the Type A harmonic drive waveform is applied. The rotor
has windings, suited for producing substantial inductance based rotor

rotation when the Type B harmonic drive waveform is applied.

In a further embodiment, the invention describes a method For operating a
motor capable of both inductance based and reluctance based operation. The

method includes: providing a stator and rotor structure suitable for use as
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In a further enbodi nent, the invention describes a
nmet hod for operating a notor capable of both
w0 paaaoBece based and rel uctance based oper at i PCT/US2007/605523
nmet hod i ncludes : providing a stator and rotor
structure suitable for use asan induction notor,
havi ng both w ndi ngs and a reluctance profile,-
supplying nore than three different phases of
alternating current to said stator, to rotate said
rotor; and providing a selection of the follow ng
operational nodes . (i) suppbkying the alternating

an 1nducE£ ermnoEQrPrh%‘UlQS ]:?ot%t @Ir&f PHBQJH%% Iacréiu@tgnég@roflle, supplying

uces tator magnetic fiel tchin cat c
more tnhéPu"c‘F&ﬁc@lﬁ%fFPFePhaéﬁa %fpélléﬁF‘éatEBQr%‘tréT’%gt e SPERoFEator £
rotatedeeid orcche; relduprandngf & etlectian) of uplpt PAgoing operational
modes &l t€rnating current to provide a stator nagnetic field

that is substantially inoperable to rotate the rotor
(i) Gueplwirdhehe elltetrancimoetiacintyet nrovoperalstaten megrgtis field
that ﬂx%@ué@g Qr sgét't%xt %a%ﬂ@t:!cﬁ@ﬂ@id ac8f fRCtne Thauabour: bikyLile, and

operat}ol tent sot%%scrl got oS }é\/n tcnh ?rPuch{%ﬁcQ eq_J}ethr gue as a

overt con n a conventiona

(id) seJ %@.Mﬂ& th@dézlﬁéﬁat.fmig lerré"r& abt @fd%ﬁ.ﬁén.ﬂ SHAEbEMagnetic field
netic | |
zal

that ’rsotgﬁ?| antrlg 1n e ?gr Cg§t at ?%usziuggtg the reluctance

acts
effectr me@rlq cPPPHeb%FE aFPoF°taﬁ‘Fet¥‘-‘6tré’tti°ﬁgd‘I‘?a§ﬁe?1?ec ipPaptam sttect.

tator _i nduc rrents in e ro
e aigi Eb55 Seatid Sretiid BPLS Dol el R R oo o v
speed AyGHéPIE PrELEEANd therefore a tangentlal force. This

Iin a %%g%enténahor Céecgereltcweengc\r,t\:%ergrmoé:ﬁnds%g:/oégﬂfart Q?Lﬁ%aguﬁ@ent induces a
magnetigngéntd din RoP R Jer CUIPIat e@tREIEPSRAITH @agapthEPEFe which
attradtl @Be dFdtvRStd htna @totor . Thee mechtlmy gepneaidi ghefdrizethe stator

inducks Rglanced bynd he b0t ate op@éoxsxmtraxoasfcgmncs interact to

apparatus and therefore causes no c Thi
produdh o FAERH Lo HEIERT | L URoE WS IR GO For TR N, Toree.  nis
tangeniptadr fbosrari@sbetieent atord 3A% 4L iche pesetigl Magngtic force between

rotor &Y sQhadt Oﬁahﬁlc&mnﬁﬂgﬂn@lﬁ]ﬁﬂﬂrcetﬂﬂﬁ it emessll dpsitn The
tangegtic’ I‘]:) -a_?l onagig; It\ﬁ% ?;‘gégreml‘hghrﬁlr ﬁf QJI%’er radial force is balanced

tric notors require bearings to
by thBa‘f%FﬁEéOTEr?e SVQ'B?%I‘IY Pd‘ar%’? APPARSHF 2 TRV ETRTEgEDURET §° motion:
If unbaraiesd, (e mudhal Hogee woadd sdcumagmatvec therceopr esends the

statoL nuﬂth@ st e&lecgorﬁl Qf ns@m&at-_i&re@hyi DAL 0H BRLE! Sehis would

resul e éac{est [ V:.e a rg)te%r ggfa"cg, of USI n :Ltogally symmetric
gﬁﬁTleF ngen Fofte prodﬁce 7 W naings .

motorﬁﬁkﬁqythaﬁe%ﬁagﬁétWQ:bﬁé??ﬁﬂ tﬁ%r%ﬂélééuﬁﬁﬁ§emork t() be

It woufg%ebg?.vz}\ talgeor e:q:: 5§e%%%;r glmt?lgzu\é\ﬁar a| n S{“é% e)ta.c force
Presea‘ﬁdma tﬁﬁg#ﬁ?ﬁlccﬂ%loé ceRtRtipRr Y dporctdra §‘t’%ﬂ’%9rl ape ysg it to
driveCONicdelk, NO:tldftbRrusABy iR E8aYIESStdienandl ntoricar phigtuced in the
winaiWQLk i's done. Further note that the strength of a

nmagneti c force depends upon the magnetic flux density,
Note that magnetic normal force causes work to be done by way of relative

metion between a wagnet (or piece of ferromagnetic material such as plain
steel) and a magnetic £field. Once the rotor and stator are in contact, no
further motion is possible and no furthexr work is done. Further.note that
the strength of a magnetic force depends upon the magnetic flux density,
which itself depends upon the distance between the wmagnetic materials, ie the
rotor and stator in a conventional motor. Over a large airgap, a large

magnetic flux density cannot be sustained, and thus the normal force is
reduced.
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whi ch itself depends upon the distance between the
magnetic nmaterials, ie the rotor and stator in a
weaeoemwraezb©nal notor. Over a |large airgap, a | apgpUS2007/005523
magnetic flux density cannot be sustained, and thus
the normal force is reduced . The use of gears
al ongside notors is known in the art. Mtors use gears
to increase or decrease the output speed or torque, to
alter the direction of rotation, or to link nmultiple
el enents, for exanple. US2006/111214 (Yan and W)
di scl oses a geared notor inclLudes a rotor nounted
The us a]{ ¥s aqon gD&eormopgfjsSIlggkand haVIhrJeg %Q q\yot\:gr use gears to
ﬁa? Fong a rotating axis, and a stator secured t
increppg %FBFIW&SFﬁﬁ Ct“GPEEr?Hﬁ?ﬁdOIE ﬁé’rﬁ‘b‘t or-° FheeTst-5E o‘?'lre‘:tlon of
rotathas a:rph:urJa;lnlkt yubfipslrgelameny s displ acagleor e segnents
h wall areas confronting magnetic pole units on the
U52°°|56%’o1r214a|‘ﬁ3ana apRUTE| Gt bTsoRi AFIRGSIVIRITT FRSPEECE ¥ eafFor ‘“O“nte‘i
rotatabDylineh &heotedr Boseigeatd Hagisy eal eutpdtoshest SGoas 4 Ootating

axis,dbhdY & Tsh@t&UtsQHﬁre%a;U the%%'téf‘%%h&% sﬁﬁ%ﬁ’@ ¥he rotor. The

statogn%a{.JUdessg%au:iga ?O a}nﬁe m) Orglonlacgs go%eggtﬁ%gehn% w:ht-% wall areas

confriopk Bih pPYeRisoPhtel vaihel A tharfdes; %Wd aan‘I“%r"ﬂréFY\/\?i%edlndlngs

woundTesspeg iwkIh afrbend atlehedrs webaaa sand ddatausn amcqeé so As to drive

the JuPhb& %hﬁ?@bf}{ phénéé%ir@t ?Qalb)ésée‘ﬁtﬁ%egnéﬁﬁégt Lon,.d E,hé_le_ﬁl mounted on
transmt anet ﬁ@ ‘%f about _a transm_ttin

the bR Brebfod WATR Life CPOVST] A 30 Bor oAy Sbessa R 0 oo
intergpi by tersktbsesudansaréasd.ornt ot alengt tWieehmesimag meigh the
tootHali Audfakevirsi @ReSein afdes OVirdidly AehiGalisi AsttakiBP a speed
reducQ ohtcﬁq'th @Ea%@m@gééc{ IfQ'gm mep§ﬁéte%gmyo§98 Qrggér%lttlng axis

. induction notor driving through a gear
allgr’teldaT’htht ﬁBe STPAPEIBF ¥HE nast and a camcontrolling a

GB143%B§99%\&€EOJ§W deEchééé P@s%mn E\&} rét;l_%,%’gszIZe a%tenna mast of a

di scl oses. a drlve uni 't conprisin
et R o ORGP i el SPdAP B AR T L4° HIGEAG, posiion. The
systefigepminidaetd crlinbtoraska’d - & sedtorioe| erent daindirg tbtorgh a gear
trairkREBSHasc Wi GlheChsERha ArRnSbbiabhyihipur sahed sert hatcn.
both stator elenents and both rotor elenents are
U.S. Patattabire 4. TPRe331 dicoPrameandntssdoge et Wanve aldiy comprising two
1ndudti15k8ﬂ>tbys ang@@edt ¢ deNbgOsddealn rOhalhs 0y .Okaom e nShat &n motor has

a sta% @r@m;nege ;ggaea Lot al i.90,8f  t D8 9f ReL. & &%t [ & e”egiy journaled

e s ta
uction notors are energl ze reror

so t*ﬁ%eb%“thatse?t%ﬁ ETENERTDHFER R ARt EFEBERESi ﬁﬂ%c"é’tﬁéf“qlcf‘e The
statqmei¢rentgt are gechamicr 1Dy stinkedriey af gbawanbionsd tthe@nrotation of

one dtatSeeNchedddpeséOr@ehbgod at t:lhé odRkH dsth@t%ogeeslern@m: Smhen both
lnduthQ.OHSrﬁ)_t%gg M%ﬁ&k Jé%r n:?llxe){eg %%e glte %I;:I VJ. ts bueck one

I n an_induction osed is an el ectriC ot or
anotherq21y gaev et |t€r§é‘§r’rrh(’jh§y’é‘i“é’|‘f1 e{#EPEPn nagnetic forces
are used to directly drive the eccentric or wobbling
Discd®@du& YEeNnvdepLhor art, hypocyclic gearing systens
are wel t— KmowT, T such
It can be seen from the forgoing that it would be desirable to use the

magnetic normal force as the driving force in an induction motor.

Disclosed is an electric motor and hypocyclic gearing system, wherein

magnetic forces are used to directly drive the eccentric or wobbling gear

element. In prior art, hypocyclic gearing systems are well known. In such
systems, the high-speed input rotates at high speed, driving an eccentric
element. This eccentric element.further drives a wobbling geared element,

which meshes with a stationary gear. The wobbling geared elément is thus

forced to oscillate or wobble at high speed, while rotating at low speed.
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systens, the high-speed input rotates at high speed,
driving an eccentric elenment. This eccentric el enent
WO partibdse dri ves a wobbl i ng geared el enent, whPCUS2007/005523
meshes with a stationary gear. The wobbling geared
element is thus forced to oscillate or wobble at high
speed, while rotating at | ow speed .In the nethod of
the present invention, the high speed i nput and
eccentric conversion device is elimnated. Instead the
wobbl i ng -geared el enent is directly driven by magnetic
forces Eccentric bearing elgﬂﬁnts are removed from
rn enb B YL SLLERRR, 25500 L St LD 9052008 cccentese
conveggieat éﬁvmﬂét@cl“flé%@i i nIPﬁ‘éﬁaﬁoF]ﬁ%IWOPBHFé?r SeRaeA seﬂéﬁ?nt is
direcily @Et{&m byl g idensidey . oOf EddearADE Meakigelefleindnts are removed
from %@%&QQ&& alaln)ﬂ é%s%§§egs§gcm&' w|:1.§h qh%ﬁl-&)ﬁé’éé operation of the

nprising: a _fjxed nenber conprisi etic co
motoroHE ARGHEL c AT AGs hAVFAE R PhBERET CavTEy,; 17 the nozmal

rathedrtihsansheshairersicde seiahef fxed trepbdhe e iLsbmEf is
substIRENAL I cCaldykagomduct i ve materials; said driven nenber

bei ng situated inside, and able to nove within, said
A motbi xied direrirered whrerdishngragnéiked morber chopriesing fritagmglic core
and mE@néﬁﬂcdwfﬁd@ﬂésnﬁﬁdﬂihgp£ﬁiﬂaﬁéﬁﬁﬁﬂ ﬁavﬂwyarab&rfﬁﬂndméhﬂétennéide said
flxed ge Iéo*ﬁ?;sgg% hgtfgﬁg§? $%h$qgg{?glmgté£¥é¥§ m@é!ﬁ driven

pect to sai ereby rotary nmotion is
membeﬁr%*’d’d’@eﬁ“% nb??ifieof azﬂwé‘bb? g fiPVE Wéﬁf?orﬁaﬁﬁefé’ﬁ? member,
wherepn odgties iclincgetl crreer % dmdofedeni odit fived grembgr periodically,
whereBQtéﬂﬂé HP&%éHWmeHE%ﬂ“h§|ﬁ%fﬂ}dﬂbélﬁyTab$eéhb§tﬂ&gﬁ%tlhlEﬂkce with

nat u f the m)tor r.oduce Iow sgeed cgh
i h t £
respeb b G a0 B BPRaY DES et ROt T e ety SR0 gL mme motor o

the nrﬁra@rﬁ |leﬁe%twa1n| thRe P HREERF g s h %%t"&r-ﬁlw {off periodic wotion
to rotetemencent ondiheafroingovheagrdl hviizgsnte, Wiglehfordeeguateire of the
motod BbI Hoafbl 1oWB3EKOH OWAgh SeRLLOut ﬁbgws_ a stator of a
notor generator machine with regular wi ndings ; Figure
2 (Prior Art - Background Section) shows a stator with
BrietfoDeisgadilpt iwundf cBE pwingki gure 3 shows the preferred
arrangenent,_ for absorbing oscillation and
The IEVERSHI EPRY MBaRT SIFSCEETH LR ARTREY Yy SebFrence to the
folldydag i hywyings gur ehidclshows an eccentric bearing
. arrangenent, for sorbln osci | | t|on and
Figuse, 4n SrIPE] fF roPa e %‘Lﬁ‘é%’ QUE % S585PT (ff 2 moter gemerator
machﬂ'emeraifrgerireavlé*aawn@lfm%f erent sized races, for
Flgurﬁl garlgllggs(ﬁ?%%\;—l lgg%%r:gélg dsgetecg:?gxzm ﬁbgge:%% trowr}lth toroidally
WOHnGaBSBHJl ng OSCI Ilation and transmtting rot at| on'

Figure JUL r e %n f%’frﬁkgz?éjemae)él: al  hole arrangenent, .on ana
’?eo S6r bI'id 0S¢l

transmlttlng rotatlon using coupled pairs of bearings;

Figure 4 shows an eccentric bearing arrangement, for absorbing oscillation

and transmitting rotation;

Figure 5 shows a bearing arrangement having different sized races, for

absorbing oscillation and transmitting rotation;

Figure 6 shows a conical gear arrangement, for absorbing oscillation and

transmitting rotation;

Figure 7 shows an oversized axial hole arrangement, for absorbing oscillation

and transmitting rotation;
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' Figuzea 2@ SRS ARLECRETTEY 47 SBY Bt 5B

and transmtting rotation;F igure 8 shows a pin and
hol e arrangenent, for absorbing oscillation and
WO e@nand2eé i ng rotation; F igure 9 shows the pre¢BUSBA7/005523

position of gear teeth with respect to magnetic

wi ndi ngs, in the first enbodi nent of the invention;

Figure 10 shows an arrangenent in which a | ayer of

magneti ¢ wi ndi ngs are positioned al ongsi de a gear

| ayer; Figure 11 shows an arrangenent using horseshoe

wi ndi ngs ; Figure 13 shows an arrangenent using radial

sol enoids to drive the notorg= Figure 16 shows the

second errbodl nment I b hhfeodcl1UsSehn and
riours § U & FHe Srator Atk TRe Suteht -ohart B ure 17
transtglioieg trl?éa‘t:%ﬁffd enbodl ment, in which planetary gear

rotors are used to 3 oLh thenotiPdbtr to magnetic
Figure RaFPOVsig %re%g ﬁg\%s%%ﬁ J gﬁr% ; %)191[ men{1 |d%@v\,tf:n%h anes
wmdlrwsm elatqhﬁ*g fHFng e@‘@%ﬁ“‘fie&t:o?f it&ey %Ié"c?nltbméoupl e the

tor wwth the o UL h@ﬂi W a yrge %&QQY@ JiRBings are
Flg“r? |]T°tﬁ LHbodi fen g'e%%’ V\hllich $Bof he gears are used to
positianggl elca“i@ﬁéét‘ﬁ FeFFota%5 t he out put shaft; Figure 20

ws a thre ¥ RWe0End G hifd

Flgure%c)l h?r“ésntan %%ﬁ{%ﬁ%@?%éﬁg lﬁ%lg Sixth enbgd?sl nment, in
FigurdhizCBhbWD dmOhOFsndemehnt latiegwddibh dolienetdd cypsdqg@. the motor;

degrees out of phase, and are coupled to a toothed 4 to
Figurgeldr shawhahrespcaive erordent. ipj gglrfé‘ 82 LHHRE S afpiine is use
coupl@ldRNGEARSY wiBh WHeCbuseuerabedayers of the sixth

enbodi nent are joined; Figure 23 shows a seventh sed
Figurerdfodhmenttheushis #TPaERaE it “BATH RIBRAEHIYs AP2Rfgtors are ¢
to colthDItBe 24k £@WEo aHROSBEHIte shaTtangement u5| ng a cam

ring mechani sm Best Mdde for Carrying t he .
Figurk n¥@ mbPwn . then Equfth speddsar et vBtch ﬁefilﬂ‘i‘/teﬂ‘tgl Bipg gear rotor is
used BBI&Juils g alased wiehngd sun;gna sgagt.or of high

perneability material having netic core, magnet ed to
Figurgi BYishges dird TaRtR rﬁ“@PﬁJa‘Ten&avﬁW Pc‘??"tg‘e%rgee’ragrs abfsy 8
coupleYhi ok Batgtcando acreoborputadeafy;om f err onagnet iC

materials with high perneability, situated inside

F:Lgurst 2P grhowpr eftéiraB| Yiregi oot drY i FRT el ?‘6“5&?‘8“

or_and Seal q_x te orft!] t c I%Q@Eors oscillate within
Flgur§| g%l?}? UEnETS % %OQ ann%t h%lvﬁiﬁeg di gnet er tooﬁez eaihm
tvo StpAPET LOPhaFiRear °‘eﬁ- é’r’?e?’%?seof SPh TP O AT T o s

n
betwetnati®d edfototsit he stator have gear teeth so that the

rotor and stator nesh as eccentric %sa{ageerre; ecrh%bls¥XCh
rTear Scorl's

embodiesht i dredoimeds| ot s, channels, or cavities in the high

permeability materi al The coils are_arranged.to
FiowioAACE A A GHEITER PHR PR thd* R BarTeanh T gy mochaniens and

Flguﬁﬁjegr wsog %$§%fb@&°£rf%ﬂ9eé%ﬁ%tQélﬁBWQ aaY 03B ReINsReBm.

ere y Ccreatl ng nagnetlc attractive

Best Mode for Carrying Out the Invention

In a first embodiment of the invention, a motor is disclosed, comprising a
gtator of high permeability material having a magnetic core, magnetic
windings, and an intermal cavity which is preferably cylindrical; and a rotor
made from ferromagnetic materials with high permeability, situated inside the
stator. Preferably, said rotor is intermal to said stator and said rotor has
an outer diameter significantly smaller than the inner diameter of the
stator. The outer diameter of the rotor and the inner diameter of the stator

have gear teeth so that the rotor and stator mesh as eccentric gears.
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force between the rotor and the stator. During
operation, the stator w ndings are selectively and
wgeeware2s@l | y energi zed such that a nmagneti c nPCTEE2007/005523

force is induced around the circunference of the

stator, such that the force revolves around the

internal cavity of the stator, attracting the rotor to

di fferent portions of the stator, whereby the rotor is

caused to roll w thout slipping upon the inner surface

of the stator cavity. The contact patch between the

rotor and the stator thus mwgs in rapid circul ar
Prefegz'?igi%)?lsg)ﬁggw1f1§?o?ar ?%Pnggisgeﬁ a:: ggelroﬁg: rr]]:'l.g%\ nccoel (s)f%c‘;sz. ioned in
slotst, hgkaneles qy Farvesiaf £A Hisghigh @&a@ﬁwlaﬁu 'FP&F?raa%i Gle coils are
arrangeéerdd lindpeec aaghdtdbatiamdalinriateehid@ernéasAdtlyOfaterial of the

rotobeL&\Esec%tEPtaQ{d §H§| %%%QEwéé%n Q?ex%%?'@a.le%%@';nélsmafg%lewé/\’%ttractwe
the region of t ener gi zed coi t he notion of

I n
foreq ﬁ‘ét"feﬁf‘o}: T SO588eHtY &PFySPEGFal, with the rotor noving

Durlntgowgr(itg.gﬁ S:th@t QEa&\éehﬁdﬁJaQréréj |s§§.@&9§re%t ;hc{ns@hﬁ@t{tlally
orce’, attraction

energd &6 §u§ ucfl h'-éharﬁ)ta i “6?1grgeftlf hléoﬁﬂﬁflo£°r°fhés ST 1T 8?10%1“3
circupfeyrness phittdie shatwt.asveh ddnavethes fohts neydivds myeiwh the internal
cav1tiynbf) ghet atatial attdc@AngStHeN@otdit @6 diHdeTeit (diREons of the

stato§:| I ﬁlpét):%gyum rgpgr 1@ggu§é’g ftgcn.eoqu wg.a?ou%t %i O%QCJ'%%V{\}%%'I the inner

orgue, |ow speed rotary nmotion may
surfaFﬁe?%W%l?ﬁﬁﬁft “@V¥equi renent for hi gh-speed | ow

The ctogegy@ praeaﬁrs{etw@gﬁ Qhe IB@OJ %Qrtﬁ@ LL.ds %ﬁ&é‘ df®es in rapia

illate. at relativel frequenc but wth smal

c1rel g e oRit nhn HEPEROTIE SRAFY SIECENATAPFoIEe the gorstor. The
rotothirghls reqtiendypséfnl4f ghspitacenetthuppit orschelisges with high
frequzByefdedat & Rilgh $@que, sfleaVasPesdat indfly-4md.i on.

Alternatively said rotor is external to said stator,
The ighprHadtigropretiveeaxterarahhy steophedn baiskpletfingd jas follows: In the
regidomnberiid kyetdqickhedhiandehdigocexdeidratndiametefs Qkssathily radial,
with %%Qt pJ rsmgxlln%h‘i:l)%aﬁﬂ%hg t:attggnox;erzl:ealsl'}xortngl ﬁijalnacge&u h minimal

Sal rotor “suc magnet ¢ nor ma

Laceral Rt ar G { AR ETTRT SRESAoR st Stigtes &befpocion of the
rotor.haTh¢ ivdzf origEecencd dstivben irnter rall s@atdrycofivdrte this radial
moticH 8h6d rotatfhdaAt REtich RErimd 'rgatlul Y:o.@iirs rvﬁqcﬁ'lggt as.rlqy;ﬁgng upon the
.1.nne1:t hle,lrﬁé'%eS:: g\:ehgef tsﬁgl:?rofc%?fggr d ?(h% ttorlqu ane ee% F:g\bazaf motion may
be acé’llFt“Eﬂ dPepehy oditBoNDtd SRIEEHART thee %Jcﬁl’E'rSPee‘i 1°W torque rotary
moticgi.r Crfrerencel 10f be he=esit 8b oFscit bare ascidlaatiiy-agy Wibh frequency, but

with [Hmghy fdl%g!ﬂ§&§ﬁén@ngn§|t@1‘é’r@i‘f’&realallnaﬁp%.@gefe&?tggﬁ attlhq_gallugh frequency
nvention 1s

vant.age of th S
onerd 86t 8B R0 A 0950 DB LSRR LOMEUL | S rorer
“‘°tlcﬁ*agnet| c force, unI i ke regul ar notors which pri rmrl Iy

he, much snaller ta tial gnetic forces
Alter%%%%e r advant age o etxhe i :;Lvent?aglr%l PS> tHat Sf‘ﬁg t:I""BW is
exw’i”é‘ﬂéﬂ"\?@‘cgﬁ%ve&abétm eﬁmﬁém]sly toothed, and the external

diameter of said stator is slightly smaller than the internal diameter of
said rotor such that when magnetic normal force is induced around the
circumference of the stator, such that the force circles the internal cavity
of the stator, said rotor is periodically attracted around the outside of
said stator, such that the contact patch between the rotor and the stator
moves in rapid circular periodic motion around the outer circumference of the

stator, thus oscillating with high fregquency and slow overall speed and
rotational rate.
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causes mniml wear and tear of the gears and m ni nal
frictional |osses. A yet further advantage of the

WO pwenvi2zec i s that, due to the gear teeth, highCT/ORZPOBEOS523
can be accommodated without the risk of slip. A
further advantage is that, since the conbination of
eccentric bearings and gear teeth supporting the rotor
constrain said rotor to roll without slipping, there
i s no dependence on friction for output torque
production, which elimnates magnetic effort used to
hold the rotor to the stator-iagai nst gear separation

An adirgzl; %%’ %Qée%tn§n\;eqlttqgns tﬁg% ql %Bapg Cfgls?g Q»Qn_ﬁ? obtained

magneti c an anica [
due tf’l ‘f%ﬂt usﬁr%’? éﬁflé%ll “@ﬁﬁ%‘a’icrréﬁfc%f up ks ﬁ\?@h{“i"bﬁ“’ggr% vyt
primaipflyiuger ehed mucht siiadiet trageativdgnedia:icofercepaghetixther

advan%ékdb@gghe aﬂﬁl’eﬁtﬁﬂ |1Bdiﬁag:althé rHl%EvnﬁleaQﬁVété@eegabgtween components
etlnglndln s..Cause Jjagnetic attraction. hetwe

causes thtannaan axr F.or eﬁﬁe cavi t§earfs a{l 1ana frlcgzlonarll losses. A
yet fey?*r%dﬁﬁ‘caa}tagﬁn?%rtﬁél Lyvensaeneid, thﬁ’a é’e‘ﬁc%?lttrﬁecgv\ﬂ feeth, high
torquest @t bshafdomodatkgt @k tibuits thadae skremsmagnet i cal |y

conductive materials, and is situated inside the
A furghef GEAVaRATY 12 FhptecEEY FES ViTRiBRI ST O Rffcenpric bearings and
gear ex¢t! Babbyrdingt tied randr rematesiivstid adibghtd requentshout

shppeﬁgl Itlh@Lg oy, hut d@pénqx%é@eo%d frPJtQUdec‘;xh %uwh&e e odLANEL 8huct ion,
ator han st at or

1
anscnge1 Sielhs nasrEPle GEBrT iRy PRI PTG SPhpeor asainst
gear gseprppthayeforFsst evchraRptadns 2rdteornptatioeddbsrangeore an optimal
valuehD€arf iMagfedic =QMtfHtha@@Edl @esBgid.s nMounted on the out put
shaft . Carrier 3 is nounted on carrier bearings 5 .
The f@pgth EFeferer<tar prRadipent i9fgshs iegerekPpoadssiqyrohe Bifgure 3.
Statolrh®e HaGl armdip@tiagSord, . midti erwib@anggand angd 16a8Hical internal

cav1t?e aé&llrcllg ﬁagﬁfné’acrlg Q.@x‘;tﬂ %Q UQJL%% ngb S Q 18 C&%’%EL.{:OHS I?)%(:Leghu %Iaator and

. %t e.axis eac arri aring is constrain
rovory o Rl SBVIBE F BFPCH Ar ChavH BT HEPERPEL D TpRBRSe, and
concegpr e ypohdPHipuE osiorithéarkargr T hiss mede fiyemr hamyetpesiiyt conductive

matertiies hiagh {4 equancss aacidd ahkOoskHborl NEURt 8ri ARG centric with
ourpel ! BN &, 108 ShOW Y %g&aeocﬁ =h8 Jongtgytvﬁ% S eEOL ey

osci | | ates requen rotates
o=c313RKR BHE 1 Y HeoRRTY oPEUE BB bk b3t g staker 1. Rator 2
has af Feyjleseytertd rbimtstehat Isp@ed ehemniye debesni Nedybyatehos teeth
and s@ﬁ@dir rlaiiniaf heween tre@t:lﬁ’lr rRdr 4 a_v.tsoﬁleunm@ glll S.Jcﬁ:@)‘frebe,oirlngs 4.

tion sQ.euen

Outpu%: gaar%é.%%y gsécﬁliafgt?eldz nwg til'he out%ut q g\rl]\% ‘a ch efle%aﬁ 6ﬁ mr:funted on
carrieRePIABEBYS remErRS Aokke ﬂ?errb%*ar?eﬁgl%ﬁ% &ngeferfPopfis to one of the
rotorFheani@g8 4 s Qalreipr efeeriegb ISeand nytrar Napgengnts Bt édch mounted on
an ec%x!ul_rlkéesﬁ&ﬁd|skl¥hawte€h@t£4q_st g@teaghhrgrzgggrﬁé}&lng is constrained
co aRLAOSTRILS Ao RSB 10 BB B O LIS v
bearl&ﬁt e""rhh‘&t e Bseaipery PaFTHh jérehtal §rg<mﬂmy| PsFildaEeon} of the rotox
and thanduits thd tseovatotea,iohheo okl @spoRdsiHEtDaRéSo0f2 bOEDMates at

high E@@&de‘ﬁ% e Gadd @1 1&#%@@&18 vﬁtﬁrﬁqenw%ﬁgn%@ebeween

] de the other eccentrlc_L relative to each other
oscil ﬁtélo frequency and rotational speed being determined by the gear ratio

between rotor and stator. The distance of the oscillation is small, so even

with a high frequency oscillation, the speed and acceleration of the rotor

remains low.

The bearing arrangement of Figure 3 is the preferred bearing arrangement but
it will be readily appreciated that other bearing arrangements are possible

to permit a high frequency oscillation and transmit a slow rotation.
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eccentricity permts oscillation. Using nore than one

pair of bearings (for exanple three pairs, as in
wo@anes286 ) mai ntains the relative angl e bet weR€T/UR®07/005523

rotor and the carrier and thus transmts the slow

rotation. In a further alternative bearing

arrangenent, bearings are manufactured with three

races and two eccentric rings of balls. In a further

alternative bearing arrangenent shown in Figure 5 ,

the rotor and carrier are nounted on one set of ball

bearings 7 , with the races _8,0on the rotor side bei ng

An algvlfr I:n;ee tO gerargr%nogrr(l:e!nltl atl owfafnd che ra%es 2 t'f lS afternatlve,
SEEYE s1 usual® 78" Vaht a9 o

the coryesngedtst pﬁsr% rPét reker bearinvgs+4 aflutd éagﬂg/lﬁtro earmgs 5 are
mount8RBhkaACh R the dithady add@geris rehativestaceadnhether. The
eccenpsac&tpgg%&rl%sngécﬁqaéi&@ Bed.d %LQ' dQW Lhe p%qgeo@fbefabgngs (for

oversi zed races S emis |ess efficient b h
cxaroRR G Bt g 8 NG & CBUISLR & "Be* TR o NElg borveen the
rotorodive the heariear #rdyShpaytdsasused the Pavnketatiigh-

frequency oscillation ,and transmt slow.rotation tnt d with
I o S RAFL &1 VRGOS dIFSEHEh AT COIPIBE - BTN APPRCT GBI R tured i
threesumsaac@umoeleccmtrspnﬂlms ebuplitmg arrangenent may be

used 9ermt oscillation and transmt rotation._In_a
R e e i
carrigeoret mpertedarhsowdt seyneieteyl (BaBYngt Tgest et thet vres® 8 on the
rotorl 8idlbkfilg dvelr-al tae tbOpﬁd"hl&Xb&ﬂﬁasyMTBhﬁyt}(eArA):es 9 on the
carrlgPr&l&hbg% %%n g@alOfs:LEQeAge \ﬁa%tgggtc&r ti]u a(:.éa énﬁant is that

so the axis of rotation of e outptit shaf

the beagingg 39° KA obNILWERDTS Adﬁﬁﬂ@""%@Fa’t"r cﬁ’i‘a th%mce the
bearipg$ Grrel os Imstrathddota friflavitiy roge oif Chockiemgifed aaces, the
systefl £ UleRE PAERY) ent SWithel halowhhBe 2ihg Ofrasy8HBIdeY cbBrBh1so be
of the rotor noves as a generatrix along an inagi nary
cone, having apex (C) on the output shaft that is
MeansA¥tdd ¥ndh Hans ads fke@bé NB Ot Ot HighOf reMentP@scillation
and tcggseml%pe)fo‘gg%ot twe casing part 10 connected to rotor

] & i l%hagear ring 12 which rotates in a

used.

| S assocCl a
In on@l aneez(n@tp)e eébeaﬁam Qwﬁ%&dbﬁwa&&hh&p ofabbra%i So@fler, or

Cear L2400 rV|d otation
2 1Y RLOW IE8, & g a
simi \M% oeuppef1 Hi Tt n em%‘e F]“aﬁh ?l equenc lectl |°?at| oart{' T'na Eransmit

rotatfigpt her alternative shown in Figure 7 , two magnetic,

In a %ﬁl‘@k{délaah)fe}r%%gbgdsﬂoq\kogﬁ EZ.L (lgéaé etﬁg Q:J(.; leaéls of symmetry

I NS a stator or stators stators not drawn
(B-B)h2¥ 973 F8sTAP al A 1 EehPebivyreal A adR uSYPRE Y (B-3)
throughetloutcgatrs vl the coerab| e-agoreht rifeA Nt iadmo iitehaxis of rotation

of tH-CSPBRI: kRathg aauwé,htngsmafgurr&ﬁhw&ea&r Qi.SQupfngoug@mcion, the
rotorg.el. Tu]i%\lltéeé%ndw guta 1?%:“\,{\&% tbroc‘it rQt org’lrc ar azth) , such

by eccentric to each® of the rotors
that thTh%"%PérWe&Fé FPAnge FPSUEMTAFOY¢He 2fehtF@egptrix along an

imagigaay i doneQf hahiggs yséema) Sonintleaogizng shaite tbat pid ageally distanced
from %hlesrans;raga@l%atgentzw eal | 3onaoLd.edcPN de QMR bart 10 connected

to ro%:or :;. 1sTra].lélgoc|']J!a% freqmuencé/ar ring 12 which rotates in a plane (D-D)
extending perpendicularly to said axis of symmetry. Gear ring 12 thus

provides a slow rotation while permitting the high frequency oscillation.

In a further alternative shown in Figure 7, two magnetic, externally toothed
rotors 2 rotate eccentrically inside a stator or stators (stators not drawn)
and have holes 14 at their centre of greater radius than the output shaft to
enable eccentric motion with respect to the output shaft. An output disc or
output gear 13 is sandwiched between the two rotors 2 and coupled by

eccentric bearings to each of the rotors 2. The rotors 2 are arranged such
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oscillation is permtted and only slow rotation
transmtted. In a further alternative shown in Figure
w@2avaorsezed holes 16 are formed in the rotor PCT/USEWOTINS523

hol es rotate around pins 15 attached to an out put

gear. Pins 15 transmt rotation while holes 16 permt

oscillation. An advantage of this arrangenent is that

the rotor can be decoupled fromthe output shaft using

‘a clutch nmechanismif desired. A disadvantage is that

some magnetic force is used up in holding the rotor

agai nst the stator and is thgrefore not avail able for
S R T R G L i
rotatg éYngieétEJé?ﬂléVe'ﬁo‘B’ftﬁée‘Pn r&&r ?‘FFQ’“taFléaﬁEseahusl Pigh | freggency
oscilleaibd yisupeeristedtrichatl e pw Confa o atriaons: e .

possi ble to permt oscillation and transmt rotation, .
In a ZHgches alpRm@ntve SHoUR 17 RIOREE th PreRT 268skqloseds are formed in
the rbeseiz). wbidat Gwléds nEtahavercauny pinsbes oftapbédo andourpt gear.

Pins Eg éﬁr{éﬁgt ff&%@@ﬂtmggteﬂdl%snfﬁ Eyerﬂf.t Q;té&%hé@:%eth& advant:age of
racteristic of

chis FRPEISRPRY O FEbl HeatoTR (Ao HAGRBTIE W RO 1Fje, ovchue shate
usingyvar ¢b{¥§hcmﬁha@aﬁlat5ffoﬂ§sa¥@ pdséissiduaninoet ha Ywdr spretigonetic
forceOfisSisidonp lin nBrnefiwy ahkyrotsal dofeat tietshaodr S@Kdis therefore not

ava11%B§‘£%o@&@tﬁ&skkk&@%eﬁgra@&'oﬁ' di stance away from at
| east one edge of "said stator, at a radius |larger than

In furliBet algestatrizesusSsfinghe iﬂl&du:t‘ekkr N&rofersien NGlieAgsS, combined

with %ss§mwce&£equa§f&t podi g gefe h@,@&h TBY: & SR Q@adlly
at an gXI al ISt ance awa om at Jeast on

n
sncori e SPeaa s CAP B G P b A o1 A AR @i fhseion ana
cranagial FESEipadiap BRIY ECeNt HEUNAS GNLERE S AU RgSerorined nerein,
teeth not

r
Stator erl aI?ll VSt%4EYor n%yraé’fs? ]tes’zﬂnfﬁ‘aﬁh]f’e %rg’fﬁ‘%g\/ﬁrr?a‘l I@’smagnetlc
“‘Etalaloé Powrt gt icERFSirhs R ZhotraRsyispt ©fattatnr &ntes that is has
interghltidarstast asOak)l GBREemSHR iUl MindSngNOWArib®s configurations are

possiBhB0FAMIBLI £ Gl BLLLY osCBRLdyeeth 23 of the stator are
positioned at the edge of the stator, at a greater

Prefdradlys sfah'langédiateéffh Fdshid RSald; aas mw&onam%nr 8k1 distance
away gf%@ﬁ\ ;@QEng%n%f e&c_!x‘ke orfoEQId 2.‘>t§£gr pg§l 5 Q@LQS J%%r than the

one said rotor St ance rom

1arge5t ra‘%’h 8§ 2 ofenga‘?"gr?t at oﬁheaﬁhndc"é‘?¥95"‘k?oﬁ8f"ﬁ’g FoFigye 2. Said
gear g'étht‘@éT hl@:f beabesttigred,atand :iad dbshiarcestyghtfirgm at least one
edge SFAkL BT sthasr tdrear odiius &ﬁa]&M&ECh'LatnhEh§tﬂaQﬂeQ@&radE@§tJf the end

turn l t . t I‘d a ne lC
AL m@q&qd Ag{;e Qm%xer‘thaeqh ﬁ%f& ﬁy% 'Qaegff g £

| ux pat rns tive tator

mate"’ilé‘ét hE 5y~ bk 1957 b9 Ffott H’@”‘F%c"é‘eof"”f“ﬁé‘ﬁsnf‘é? ﬁ%ﬂ“twnad End
turng &¢i eCUY ePRESsBAt Bre (ErHechddrettahort a@Elt hae 498l ngrn is shown,
for diRbeghmltitOocidiatpagneld cestH Racey theaﬂiﬁhttCHGaf@t};Qfsa.gfﬁfed at the

edge to%et:lbe %Q_%‘:gfo%%daagfe%!’tg&‘ngsléﬁusp‘l:ﬁa%r @QLJL Gé ghd St%rns M, as shown.

ure nprise al
The ’i‘r"&@ﬁe‘? % E?%"t*brzsz%f a"ﬁ’& 5°F°a’3/e°fr aB‘T H°ﬁi‘%’r‘ﬁ’§ld1 9nt‘ﬁbt1ﬁé%lt one edge of
said ggpor P3allrecHanseed Fron meddbyharyigs it ablié §taitak ngnd

corrd¥paRSiilel A% LRAYURARI-YrLQUestAMRESIME at a radius slightly
smaller than the radius at which the stator gear teeth are placed. In this

way, the teeth do not interfere with f£lux patterns.

Alternatively, the stator gear teeth may be formed into the face of the
internal cavity of the stator (the geared surface thus being integral to the

magnetic surface), and the rotor gear teeth positioned accordingly.

Alternatively, as shown in Figure 10, the stator may comprise a layer of

magnetic stator 26 and a layer of internally toothed stator 23, mechanically
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etc. The rotor may conprise a |layer 27 of magnetic

material and a | ayer 25 of externally toothed rotor,
wore@hani2eéa@l | y j oi ned by any suitabl e joini ng nRermESHOTING23

as tongue and groove, adhesive, etc. Alternatively,

the stator may conprise several such | ayers of

magnetic stator alternated with several such | ayers of

internally toothed stator. The rotor nmay conprise

several such layers of nagnetic rotor alternated with

several such layers of externally toothed rotor. As a

furthei- alternative, said intsernal cavity of said

jolne%t Q‘%rdi W@Ml? lg_f %&[rﬁ. ZQ&Q@ ﬁélpsaé §§r§édeognd S?tlo% e, a(ghesz.ve,

therefore triangul ar cross. sectio
ste- é“&ﬁaﬁ‘t%?ﬁem%}f THPE TS 3 AAYST WRePedEoRFtif EaE?‘HaPrdPP%aﬂ layer 25 of
exteqmrddy wothedmotbes Juachani¢rmlly DéinehHebwiandi agitaiiler fetrSing means
such Wst BoddiR ahé gpRove N ddiksieasecal most 2/ 3 of the
wi nding interacts with the airgap. Several
Altegrativglenehhe sRrgoposy bberfige tderahigneth ¢ayerrdiofig8agnetic stator
altert3@esMAnWNESvdRY B\&:l’ﬁﬁﬁﬁ@:@sﬁ@fr ﬁm&lnEYlﬁrtotaaﬂg:erHtia@gfy The rotor

di
may domgl;'leef, s%leyal sngh;%q;é cF(f'feVMg?n?ltro}.rs %‘t!ci:h\,\qger ate\é/nw:.trh several

across one_ e & nex
such JGYEET M %t%‘f“@tllyu‘ifottﬁédn@%‘f’ sl ot and back across the

As a (%Bpglqe eg;dn.tglr:n I?LgeSt&tJ.%r inJehrlilxgl ecaq/h tWI n d Lg ! %l%ndasy be of
one _sal | ency abe tween two consecuti Vv OtS L-h ?
CrapsEREI (FAPAY” ﬁféﬁP%pp‘—iaﬁs Berhepuld ﬁhelf%fremb?dsf tghgpular cross

sectignpdhmgdiastaes panthvial tie wfatoneherbhbSwidducegiidd@ical cross
sectlaﬂpumssoﬁ:h% ndiiRgot &Kl%nwﬂzﬂhﬁg mxIaHEQSNltMLIQg] aqgggg in this

Rrovi d The sal i encj es y 0 si ze
case all{"ﬁsétugzﬁ s&F i Ecl esfialcgverr"fe gal alrtg‘thear?d g% Rr e

Seven&ﬂegﬁfaﬁr@@maﬁtg t&'rg ﬂ)&ss@bﬂ@rﬁxf (G n%fgt'x!a@ic.e%ndlngs The windings wmay
arrangene netic, w ndings nay al'so span nore

be arrandge }1y or a
Tha one sa |ency yveen si'ots and may overlap each
Prefjltab@fr, t-ﬁgemwgtﬂﬁlﬁﬂlﬁgé% W@tl\/nfldggn?ﬁxe\’\@yé?, across one end of
ou sl o e stator and
the d dﬁy%ﬁ I\1/\‘7’5cr%ds aecélﬁév%ns °6f %eggt%etx& Yot “aPdiy across the

°thert ﬁéde‘iﬁ ShRaftREF c R eAel "Bhdite syraewidsands rediiahty between two
consqaupdvel slatst h&tthbherorendlmflnbhevéﬂabﬁing BRb6her. In other words,

each Q\Qﬁ&irﬂy fh@gl QrbﬂaQQUéfL%S o§ hotd, e&‘hﬁnq:etiﬁléé‘bs tﬁgdarsghgﬁ:egp %.ndlng
taken u as eng. LQ&S ﬁr% (()1 her work bl e, nd
ﬁfl gur at I on §eﬁ°WF8ﬁlﬁ Ifilu’éalfé‘é TghECigs may be of
any SHZBXaJt%‘%‘aE‘,ssﬁ%eachqsoﬁﬂe#wmbbtmeenartdi@ statworefanckd as this is
a moreh@lwotedf it ferslehrangsmynas to attract the rotor to the
stator in a radial direction. The magneti c w ndi ngs

The wpgpebls WORALRSEr BaYidR tver SeFhaerstdrsr onulsadheias basween slots and
may csle@WMp isacki oftifed . 1'the Tagnstat @indiSgar ﬁ@ngﬁdov\bé Riound toroidally,

i.e. %ggﬁfdu%ﬁl JBYSICQSUk a;l-%d sQQf!:cg:S aﬁgvfa%g;a%y% o%@ a%s 4e5 'end of the
at ech egﬁ of the_stator ol ne |ron
I

Statcﬁf ﬁ%‘l’vﬁn § x%‘ﬂ’é‘%h%ﬁ?”f"g?re&cﬁr Pt aFEa‘i/R}”u fAgd radially
inwargisogh d‘-hleh etlb%R: I@Pflo?lf thadstdtose Tosseshti@ughaped requires shorter
end tS@0b | OfS tAeLeRiekdr dgetvhedingist hadyoBrABRYRRLKSRId Yinding
configuration may be used which will cause magnetic flux to pass in a closed
loop between the stator and the rotor in such a way as to attract the rotor

to the stator in a radial direction.

The magnetic windings may be wound around horseshoe stator saliencies as
shown in Figure 11. The stator is arranged with magnetically insulated poles
having two saliencies 45, one at each end of the stator, joined by backiron
46. Windings 47 (only one shown for clarity) are wound around the backiro.n,
and these horseshoe shaped sections are held together with non-magnetically

conductive material 48. This is also known as transverse flux winding.
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conductive material 48. This is also known as
transverse flux w nding. Furthernore buried horseshoe
woweditegse may be used, that is, horseshoe w ndP@mES2007/005523

havi ng saliencies along the circunference. This is

equi valent to a toroidal wi nding where the stator is

di storted to make nore roomfor the coils, and is

shown in Figure 12, where wi ndings 70 are wound ar ound

buri ed horseshoe saliencies 71. other transverse fl ux

arrangenment possibilities include sharing flux between

the | egs of adjacent horseshggs, and horseshoes being
uren g Rop ey HoPIRBE oS ARt R Bt et e 99, Hpmgeghos
wmdlmr? thﬁéim%l%aéﬁﬂ%%e\?eal?% the afigirensersicEx WHAdE AT E§lent to a
toroib€l eoRbimedheré e srafoNt s NBGekSed @iot higke @dxrtheoom for the

co:.lsr Oétrglr 19%113%% §£ al%rel :[]2 t Qhér@%ﬁé]ﬂﬁjée% ) axté‘]%ound around buried
pt ma or agai ns

neze- DR SRV TR L S BB RaR o B ot par e seses
incluge C@‘@gapg ﬁl@lxhbqﬂaﬂqeﬁetlg% degs tqug aflhafentTherseshoes, and horxseshoes
beingChetinbadbl etanstdrerg e ochheavmgnetdre the et id-conf@nditial

horseghgeeg af ihe contact jpatch between rotor and stator,
and weaken 1t on the other side of said contact patch

As a ptifdHedi AGré@hdiivOnahef oraRvEssd @lak BvindengOt@k. be combined with

permaﬁé'{é heLDLE, el'@hé% %%etf?é x%QQi‘ e&t EQQGAta'EBLOV :.\M @Hié‘%%mangement,
di al “sol enoi d gur e

e BRPTTIAT CEPANGERORD, UL FEACT o FUr BRI S S50 A1k She svsten.
provigirqrgedlzeadiadl holdinguneregssrattor hald thiegemssetogether. The

electSG&lﬁﬁﬁitdSstﬂfe&gBﬁ&S&ﬁfe nddiRtS8UNINAr of RReNPidOBsWEhd contact patch
betwegg ro%%%egl%i @.%ag§r dewga[k@nzsg 0916(:1193:11:91@;:" Q’ld%USP éah. t contact

rotor 2 is attracted to each solenoid in turn aroun
patchg; QYA 4N P ERRET R 0 FRT TS &PeFREateotiit HOH8 i nt er nal

Furth(é‘gﬁ{éltey QIex a%teo{:f lccnvlgglc; fElE%EJL%' &ﬂydltngBOfra%lgg_ogolgenon.ds may be

xternal surf r ot or e snoot
used. nrﬁfz %’f’é% yrdroteeti, %’%’éﬁ &'F’li ?F&\?Pﬁa“eé“'-rew 3§t gvo solenoids 28

are amprregsdertdidlianaroingr aZstatpf T h&hent@ranablesvidsyapd present, the
smoothbalte hodith tWhE1 exd. eeeaénos.agfmarefeﬂe&b@geci Rf@odically such
that %:np ; f} 1L haettrgkgécilf o ﬁa§h Is%lgno%q.nt tt.]uernStaat OI‘ sgaélqlr 1 and

cul ar I nternal. cavi 8 st
thereéﬁﬂe tHEvVekt é?rﬁ&f‘ds’ifief ABECTBRLr ﬁWYZC”érsé:aF%t’heé“het+fé'—erna1 cavity
of stpoborl whil tioseikkéaiad eocchnier btatdtprat nhiyghe fsreguBney may have

gear @kOund sttbeo@&i aaoing hesstatoy. Wt hlo@e sipehi fmesedest QW If the
:Lnterna‘rl ac‘::al.vqg ta% Sl COQf I ur at I on Idlgc{;' { origue% cap are smooth,

sustal ne &V i alr S8 enor & CORfT gurati on
the rREQT heveé alJth ﬁéau%chéh&r FWﬁrrrb?rt?eFl‘é‘fUJr%nm@H%l &f the internal
cavitgr 08 Steeot i DRS%AI thylexterwfl ausfaicObf angor02 (re Badthed, the rotor

will foggﬁﬁa@edegéén\egmcm@gesh@yfp@qml:ymhdweﬂéw atctls of the stator
driven .nenb n fevver Bl deqn e fix

with (RO R G a0e™ L Ohore SPa Pt FErignF AL P coraues can

be suskpiredseErfEierand Jrétﬁle# @%%osﬁmlgws@riesgn@eéﬁmm fixed and

drivehaMédigdf b¥ enEOkenolds 28)ss-sabtSaisdih ipade N@IMREeEtABY, and rotor.

Said Q@xécﬁ Q@lﬁr dw.\]:é?l t%élnlger(y lné(}?riaensg%ong§%iéhat:hggﬁqgg}@%?nber having

sai fixed any ot her wor

fewer; ﬁé%eess tg.lanftl-. &1%;1?]% “ﬁ;ﬂﬁgv]én %e:rns F:Lgure 14 where statorx 1 is

pentagonal in cross-section and rotor 2 is square in cross-section, having

five solenoids 28), or said fixed member may be linear with said driven

member oscillating between ends of said fixed member, or any other workable

shapes of fixed and driven members.

A specific example of the numbers of teeth of the stator and eccentric geared
rotor will now be given, without limitation. In the eccentric system, the

contact patch between the rotor and stator moves at high speed. The rotor is
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A specific exanple of the nunbers of teeth of the
stator and eccentric geared rotor wll now be given,
wowaoe2eé i mtation. In the eccentric system PEEUS2007/005523

contact patch between the rotor and stator noves at

hi gh speed. The rotor isessentially be wobbling back

at forth at the sane frequency, but no part of the

systemis actually rotating at high speed. An

internally toothed stator may be 13" in dianmeter with

320 teeth, and an externally toothed rotor may be 1

2 5" in dianeter with 308 teggh. Al though this cannot

escrlb ular gear tios

osenlpalaofit AEPORNTR ForB ot €5+59 5 e T SEEReRsTal o Pert of
the spfterhds FGUELlY tiftaténg drehigh @ée‘é 2pn]intr@ghty jf@othed stator
may bg€fd» hatdidmecetrFi®h bNst@adhpfandobatdxtgraailyi ABSthddh@otor may be
1i2. 5"r9r§ %rlaﬂééeé’\@%ﬂ e.g)sb@ggtr?ndA c‘uahbyhi%" C§Zn<;ﬂ %Sdgﬁﬁqbed in terms

Ime it rotates once. The fo OWInngS an analy of n
of repREFAFT JBLEoRt (LAEE: VI FORE TaRA-Th “PRRHE af LHEES For eac
rotatgemroft ek¢ ragbrt hehigbese bepeeitidd aexaripl eccateigeggay ratio’ .
Here, MBYstRBa3os txl?oitﬁklngpf27V\Birﬂg§; 25" "rokan e Goiiedbask and forth by
Yo 27b§im art tq_met he WE ic circuit. Attractive force

can on }be ap p en the two gears are within 0.1"
The fapﬂfﬁlngAp@ra&Xmeyﬂlﬁ O¢ Ofnet Bea BRbi & eatHrb 6L IFOREE Hfd in terms

of thgh Ll @ggéh I3 eﬂglgb%@leesge%&f@é tgx%g%?on However, to

ieve notion, a trarling portion the stator must
The gherﬁlerm&gnets 'zedlmh,l log ahiadl g pantboORocLBcdmGREbtZRIpart of the

magneI'ESrc%fx%ﬁ? QR Yo ARRSO¥L FRY %E}{ &d:§ 8L o%ggﬁﬁga G SRENGR gears are

I'S_avail abl e for active appl I .cat i"on netic
witnipy B, TR t REPECTE=ES gl 6 THe APpIOX HETETyf=ence of the stacor
is av2il&sheb'tor reumrrchigragnitweyefror te achhelye mappdn.ed, tadildng portion

of tHRl 88SdHrent l)éog&agnghhﬁcpmgl@eas léZ@ﬁldOQUPtgﬁbrpfls magnetized.

There%gtée:,zf:i ggglgﬁ%%?cﬁmateﬁl ng{l K; fn@ e I’Q%tr?rl elhﬁéVI %sﬂ%%gb}able for

activg @W%’S’?Ei‘%ﬁ Ioént]a%ﬁtﬁgflﬁt%tféﬂ‘%i ST§H%|’Fh§§eh+T)é‘r gggion. of
approxiihayesly Blapexgensh twheshinmagmee s Sfogte 20821Tbl?(ayppbﬁed at a pressure

of 15@99t equ& r&SdLEL £ 708 ﬁ&hfd@cgf vaﬁct%@@l%lér €oldk e&%@&é normal
§I } In a second od| of the.inventi
materéLﬁ%m Milﬁ ?_.u gur grigesglﬁ%t gnr 1§e1§ater§tag% orUsi.ng sultable high

saturggiPh Fleas e merpEizior éucméw%rqm At aYgs 2D Gekyipins in excess
of 2 .2lvomsy frer agliarietly)rgsuaBing iy httuhiciCad drebettalin excess of 250
psz. Cavity; an eccentric rotor 2 eccentrically nounted

inside the stator; and a flexible spline 30 (as known
In a isecbire dmbed thepft bartmenisvegedbhngghoynconaant:ré cial,| Y motor

compzqgggta?(jstlaeéf C!Le htab@ngStaatng neat:rlq E&Ham ﬁgg&@l'a &191141@@5 22 (only one

or out not.or i s nount ed,
show 312 GBIy R Rty PBRALES DOFTHY opRYAYY o PRE"C: o rotor 2

eccendErArpkly §°m‘g%ﬁ3eﬂrl§b%? |tﬁeS%FcE|’f°a VRRE ehatexibée renlgnei 30 (as known
in cHeUklerh afonithdnie gairahgn) davehdriehllfencahédrinside the stator

and C%QF%H rﬂo@ﬁl 1l:<y tg.éci‘&écﬁi lchg @ anl &npﬁlq:egﬁleﬁé%cx aﬂ% motor is mounted
Since the rotor is coupled to the spline,

on atbﬁé‘r’s’iﬂ %ﬁg Tt &PERWi th the rotor but flexes to
Durlr@CSBQEE%L? ékl?ee s@gé:@xnta.lél ﬁagnetlzed in such a way that the rotor is

pulled around the internal cavity of the stator, eccentrically oscillating at
high frequency and rotating. Since the rotor is coupled to the spline, the
spline rotates with the rotor but flexes to accommodate the eccentric
oscillation of the rotor, thus only the rotation is transmitted by the spline

to the output shaft. An advantage of this arrangement is that the motor can
be integrally combined with the gearing.
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oscillation of the rotor, thus only the rotation is

transmtted by the spline to the output shaft . An
wa@odwanoree of this arrangenent is that the notPCT/TSW0DENS523

integrally conbined with the gearing.Preferably, the

internal surface of the stator is toothed. Preferably,

the flexible spline is externally toothed and i s nmade

fromflexible, non-nagnetic material, for exanple but

wi thout l['imtation, spring tenper steel.

Al ternatively, the spline gear teeth may be made from

i ndi.vi dual pieces -of rigid mgtal such as hardened

|ch are atta f exa eb n
erecefpfS, Lt B PR P ARENE oo’ Bhs SRR At ot ey eme

flexipiqFPlipR ipleK %rﬁ?é%yatq%\ﬁeﬁﬁﬁi dedradee PN (&N pIe non-magnetic
mater$hBl Gor &kdrgrleabuty@liyhoutheimbtaarions @riaggethpes stxeun

Alterhgt:ﬁ}eg':}r etl';le.6 sprz@e @QE%&QE{%&?%@ ﬂacﬁ-:t %E:Q!ﬁ 111d|1@ya1[159. ﬂleces of
one sh

tic core ti n
xigidg ‘8?“51 SPFT ) hag%g‘eg‘ %y?e\%n&f?l%*g arlen? %% Tedait e"a“gle oy
weldisgattor the ' £lexdbhe ripdant yukp datast Fh%"i‘sﬁév?ﬁefcé-’t“af‘wo-‘-ld ring. The
splinangk < of Fexitdse gpld reeB0 cnaanaentebeat.l y nount ed
inside the stator and coupled to an output shaft 6 . A
Alterpaviedenefit PE3Y fiss 2FFneabry SPoHRt Y Féahd Soutpritmotor
comprsbad ta 6tat@and pesirdg anethrenst derehemddrexibleirsiphyfie@2 (only one

shownSQOr Ihsry\@me qaaear %@Encﬁxlsﬁ.ccéﬁla m%%af f@aﬁ,atpava rggaéor 2

, end.
eccenfﬁjrcfag'llé' ‘f'%"?‘rttgg hlésﬁdleei?%lsé:agﬁfl r?éldl %tfolefbﬁjteacglplﬁ? H?0
concepheidaAlEr TRIntedr frrdde2tho strher sndt epurdedt YR asppatitte shaft 6. A
wave Behédatort fatisl Sotdtab1pohdiinged &h dﬁgr@ﬂf‘pu&pﬁ{dﬁt §heand positioned

ins 1dQU£1§—__r f%H!cI@&e SBE. 11&4" QoS p’i‘ﬂé’] %ag'g ngraknﬁr Q nﬁ r1 1%1%%& a&leaft having a

he stator have gear tee e spli
rollegna%lg‘@get fe "©ERELTC mﬁt?wcﬂ oe‘aﬁa&ﬁsendlsﬁhaeﬁrléégs Force the
flexijpardelifheimtcarontdras with éave Entgprnbl | surdsse (RFAPLt g8t ktator at

two dpPasi dN@osh@d, 0k nabuils, ngw@ﬁ%rlﬁﬁé. Ao RS s0ipHBRNOGHE & uter surface
of th%egﬁgi 31%8 Qf r%dh%h ta%tn%r S1 a%enpﬁn%t !:I%ed tgggthg%rt%?ar %eeth =1o]

cyc or “exanple, in twelve -pole's
that FH% 4 A8E neRIages ot gt d@gF‘%§°SP*‘elCm§gné%9 ziéare%ih@iﬁ’art The
statdrhBasMandengs: .gt. 80 lasd 240 degticesantdien stieomi PAENGS operation,

palrsat)f %péggtg%cqggﬁse%% tltl@e.srtlatzgﬁ 1Wa9g|1££g;§1e@£z§p tgggtlgezp in a

The Jave gen tor 1S uI | ed aroun

e
perlo?ﬁg ms%\?l n]’Lor agne 1% et &wﬁgda PRI HE POl | B wﬁﬁ?’r‘ygs at 0 and
180 d\ﬁpfmﬁrgwmeﬁy%ﬂ 0§eR e nitHaosurf 20eand 21Redegrees, then the
windibbexithlse sl i2re, déheebWorie@NtRE twipaimys dheboesi bhe degrees, etc.

The wgplaltﬂa%eéggozg n.% Eﬁﬁe%.r aggﬁrﬁ % V‘Eﬁl@ Ingxelﬁ@\{\ggrg%}%r @ig_{d and, as the

the,spline’is contgnual dlstorte

roLierg Sy SR S T Wyt qEHOPAL Bt Bl R e Tlexile
splingy ebhd |tWPO‘f‘§tf1a§ﬁ Efflnt“-ﬁeb%fp\felenethet seling and| vy sFheor rotate with
the waotaddrmeRaddr i h&usmﬂ&epiﬁl&eﬂp&ﬁﬂ:lhﬁailhﬁ d@ﬂi&ﬂedsbﬁftthe rotating,

hlgh—tfggéu %/ WLJL-ﬁ g%hgﬂﬂ’oqt aﬁﬁ@%hgfoJJEl%pJL dﬂgl&? of SFet?‘ﬁlSine itself

ltransm he outE nt a
is slgpy aﬁ&er‘fﬁﬁ?“‘l"é‘ Pﬁa‘ihet ot 1‘5‘“pﬁ lﬁec‘?‘?lﬁiis‘fcbrtﬂ“édc’ Yehghatt, thus only
the sigyerqfaiépatdt thadsnidraaihatrhesiigred §s theseutipmt shaft. An
advarlb§é O3 iAgs theanpbidie. 1A fHakt bes s@dyﬂ@tlégalé&zttlaat bJr hee wave
gener%QL:L' ra%dl lc'iooﬂ?a(‘ﬂneltgg If&cgt lyllggtsﬁqe%.dlst%zttqggt tl’I;eOts% :Ln A further
advantage is that the spline is oscillating at hlgh speed without rotating at
high speed.

Alternatively there is no wave generator and the spline is made from magnetic
material. The internal surface of the stator and the external surface of the
spline are toothed and engage each other. The spline has a few less teeth

than the stator. During operation, pairs of opposite sections of the stator 1
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hi gh speed. Alternatively tnere is no wave generator
and the spline is nmade fromnmagnetic material. The
w0 ndogneibe surface of the stator and the externedCT/US2007/005523

surface of the spline are toothed and engage each

other. The spline has a few less teeth than the

stator. During operation, pairs of opposite sections

of the stator lare magneti sed together, in a periodic

cycle. For exanple, in a twelve -pole stator, the

wi ndi ngs at 0 and 180 degrees are magnetised, then the

wi ndi ngs at 30 and 210 degr e_g§,, then t he wi ndi ngs at

60 and §4O de rees, t hen .t Wi n %s at_ 90 and 270, ve-pole
are ma%fgertésg '?s-ctgft Epf i HEP l%ll“é’t: T’t SIS nhyfetiE e P
statof| eihg wmd}n«senﬂacq apflt FBQ Hegxgest are a\tagpvxblifﬁ’i ntken 186 Wlndlngs
at 30d&gi‘ e6s dpkks, Mo ehatyiadifds thesd iehd2aBee8eédle then the

wmdlﬁ% aQeﬁsoarfdotz% €1 rggstmetcf'ﬁlr teeﬂge qgt SIJ@thfeﬁeﬁ}h B s magnetic

I ne engage elntern
ie1a; i’ PREVSSH PRES GRS FFATEES "By BT aqaEn G aReLr SEt - e
rotatflot atfi ohe fieflHecdusgisdtharsdlint spesosA @yt udet ielide The
exterﬁgﬂlt!eeqi'lf&‘.ert%@cgpilrhenblwe Qfle tl@i@&hnal-rm@eﬁpldfnehé Stator, thus

coup ed tp the out,nu § pg |O\é\>l
h £ the field, and
the s Qfa CERT Gt he” skﬁlﬁ'l TS ter% sm dﬁyto fhe o S hiexd., an

r°tat§ﬁa‘f]t°‘”1)ﬁ\nd‘%fd\$‘8n§}a@e°’“ﬁﬁl ‘i‘ﬂ%%ﬂ‘"ﬁng%n‘émb%v‘é? tter-?‘é wa'RPé spline is
couplgénss aherowguangenBnt thes bhay dHesto@netadigpamiEsthe spline is
transfn@&@é& @g &le b)lugpu’cc'%QGt é&ndbé@ﬂl\{:gatsa&@ t'h§stmtan§9r{@1t over the

S et SR O

A dlsgéﬁ%?%ﬁ?o?ﬁ Hohevere mBé%%ﬁi@ef?#f@ $plrgrd BB i SPFFPRFing the
splmaagdimhiSCth@yeu&m_j abaiditak0ofdr bhepspltoRrgudrajenbeation. However,
becaussc@r}’ ek El Qcééiw_li%g' %&%&9&’% &Q?Q&f&% @%l"sps‘rt the spline

I1 ne ?6 axel . ave any er (0]
may Ry FRATHEESS diftl SHESE B LoPHEdYT FOIPARS - Shaetie Haiap mgiaxes-

Stato‘}tb‘%{ay"ﬁ%@tdn‘iz ABRS Bl widdih § %ﬁﬁemé/_{f“%reeféﬁrﬁého%rém any magnetic

has 1nternal gear teeth asvve as magneti ¢ w ndi n
meta, GF | ST BT 4F dET G ~hr SpBESI BFE e AL fein? FRoifernal
gear gketh gsowelll asPmedwgtdlyl yindsape, geaioteatonfddusdiidns are possible
for thbadQdr aL6cPQT ktoanedaiaxi ally di stanced from at | east

one edge of said stator, at a radius larger than the
Prefdragbiestsapddiar: Gfethefendid weasowfre hposjitadiedysixiakly distanced
from &homatnoﬁfé HHR 8t. saStdgts@ettoL has =Skalisu4akfeMingh ¢HE 1argest
n S [ urns u age
radlus og tﬂ'% o%‘&erﬁ%%% éf g:!}% &1‘%{}%828 a%ngggurgx% gy%lix% S %ator 1 has
Sl°tsdlzég+fa|‘f‘|’?éfli‘ cthe &FPT‘V‘gS@é‘? Pl°§é'f’r?“2’§ oFnd ffTRE A% POGHRY SPace at
the ¢poset itbeedcatort.henkbdg@eoénd erstist showmaxifak| giagrammatic clarity.

Gear Qiegﬁﬁrﬁegffiﬁns%a@oﬁré@et bgsristleiflecsatdtﬁé %tc'@éa o@tth@ stator, axially
c'iist:a%r egt:tel{q r L us t apns!: hat sa?:fd s d turn§ eaEer praggus than that of

e BB spl'Thne aw)égr ear "t etah
end tyEaf 1%eefh %H%mpo§?]f i FdeK ea’EPJPé‘&s’t‘a‘O’ﬁ’@ @ﬁ@’é teFthqjtdhe spline
gear SpktmeyreCposBSpPOAdi ¢1f atolédre gearedgeedh safidsspldine, corresponding

to th%.t @g&r telbf SPlL0E gsaq%rt eﬁIehsﬁfﬁlerTBHH edthexddhl¥uMha srexivly
% %ﬁlblesllne sprll t hat when .t efslplmeflexe
on tl-teh lexl e %%]tlh uch athVéheeraﬁréeS é.f).ge as etXﬁg Strﬂe- ﬁ%ar teeth flex

in tl‘rphéalg%@,hapeeqsh t@pesm@@ f FTsogaa¥ | veeth| @re made from a flexible

material such as a spring temper. With this arrangement, the teeth do not

interfere with flux patterns.

Alternatively, the stator gear teeth wmay be formed into the face of the
internal cavity of the stator and the spline rotor gear teeth positioned

correspondingly.
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material such as a spring tenper. Wth this
arrangenent, the teeth do not interfere with fl ux
wQatoraose Al ternatively, the stator gear teetPCTH$2002005523

formed into the face of the internal cavity of the
stator and the spline rotor gear teeth positioned
correspondingly .In the case of an eccentric rotor
coupled to a spline, the rotor may be coupled to the
spline by being nmounted inside the spline, such that
magnetic forces pull the rotor around, the rotor
pushes the spline teeth agaifast the stator teeth and

In thtehsasss%k ng, @ngages d he.si %ggéle%ﬁq 1L 68 agalnsl dt, ! may be

this arrangenent, magneti| i'S_incorporate
counpfly o SIPRCY AP TR yinstiAe (gt SPLiTH BECH chat magnetic
forcepoptHe tharbtengagerdhethantret oraldupghéoothleedp Blrgt 0eeth against the

statofl &0l Hmc;]a:ﬁh@ Qﬁmxfeugﬁgége%n\:fi@%t}a@&ﬁrﬁ@l rg@@etsyagilrpslaelt In
tator. e protrud or,ti.on, of the 0
this %rran SpFed t"%g? Pe g?lﬁal t eeJtrﬁor?miahtéagsp tomg}/“.a Hilre.
Alrergaifedl . aftangememey Bf &9e68sd ing ergageheherd@iernzlly toothed
statowi dickengdy, Hid prodivdgstrmy the iateansedafraty alfd ¥hérstator. The
protrtlaﬂgf%takaiclry ofPEIeJ %@QJ: Mﬂayt bﬁemnf%ﬁﬁew leﬂ’lllgs 11‘ril£e%'nal teeth of
und down one slot, across one end of the stator
e fext consecut|ve slot, up the next slot and back
Sever@f r%&nggﬁer&tshgfe %s@]ﬁlé rf%rsélﬁit nggn éllésw%hl \QA nmglgllndlngs may
be ar%grro&mdélaolqe sa éa%ng_xtl eltlvveen two consecut | ve slots,
W thouf - one W ndi ng overtappi ng another. In ot her

Prefe%ﬁﬂﬁ,, £88 Gl gie B ElE: n/gna@ﬁgéa a%ga&bu\ﬁﬁl 86Dk ngn&otThlaéross one end of
reguc ken up as end

cne RO S5 LIE ATDUDL, LM A0L00, T AP REE ST LA oo acrone e
Otheraﬁvd sﬂfz éh%llsttﬁ‘ﬁa’@h Té’ézrsu %?Fé? #3nEigge FRFIPURLE arrre sadhglay between two
conseaneivyr efiety edllaBOddWIoﬁeI@lrﬁlﬁ@r@eﬁ'llH@(pJ&lfgf bRbEYr. In other words,

each @Eﬁ&nﬂ;eﬁg@ta SEQIQ JH%Q@%E Q:n\éﬂ nﬁhrég:?e&@c)é aLﬁQ al%!%ﬁg r%%lndlng

n _one_sal n slots and may over
Gaken F‘F]a “Me ﬁ&éne *%lé’%mﬁ\ged}"r‘fggr caf $%- )t/)é“ ﬁnﬁﬂ%ﬂemles may be of
any sfag cﬁ%&P‘Pgh splgengjgst hecughoae Slagteofanghe steatorfantd as this is
a morkafiwd-kysDtitwar sisradigenae: €nd of the stator, down al ong
the external circunference of the stator and radi ally
The mpgRefrigsvwindiphe whhedsentbaof mefre theatere sThisicy between slots and
may ogefifdrgetel idkRef €quter asc_:,:selrmrzt eindAigs thyns1880he Rehef @o€oidally,

i.e. BSV\@[ro%ﬂqi %g.gt équ:hgt o\éngééﬂ@agf%!l@gbsgwards a% one end of the

Statocon f | ur tion be used e nagne

1 u ﬁ ’%FeEPf)% &t FBB e Rein thR es%at"é’tro?ndaﬁadlally
m‘“’artiheatr Gﬁierot}h?rseml o #hy HEStbo. Jhtis acdnfliber4oicdr réquitdee shorter
end t8iad Gind thexefade adewdicr G1diQls . The mgﬁetvbgkaml%dhﬂgﬁng

conflggtya&%n %ﬁ%eaﬁgé'g]%hggﬁ q&a@o a Ssteayng?r]net al : g{] x ag %ass in a closed

1 hown I n s%ure Is’is kno e ar
©°op P?‘é"FFse\?eF%ee PHERT gEGERT VOt PRel S 54E B2 (WeYaRt dirgeltydath the rotor
to thna@trﬁéiorcm lay red8all dtteectpicines having two saliencies 45,

ne at each end of the stator, JOI ned by backiron 46.
The mwx}ﬁj:lﬁgglndlngs may be wound around horseshoe stator saliencies as

the SF

shown in Figure 11. This is known in the art as a transverse flux geometry.
The stator is afranged with magnetically insulated poles having two
saliencies 45, one at each end of the stator, joined by backiron 46. Windings
47 (only one shown for clarity) are wound around the backiron, and these

horseshoe shaped sections are held together with non-magnetically conductive
material 48.

Furthermore, in place of conventional motor windings, radial solenoids may be
used. As shown in Figure 13, with this arrangement, at least two solenoids 28

are arranged radially around a stator 1. The more solenoids are present, the
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47 (only one shown for clarity) are wound around the
backi ron, and these horseshoe shaped sections are held
W ogetiii2se Wi t h non- magnetical |y conducti ve mat BCT/a52048005523

Furthernore, in place of conventional notor w ndings,

radi al sol enoi ds may be used. As shown in Figure 13,

wth this arrangenent, at |east two sol enoids 28 are

arranged radially around a stator | . The nore

sol enoi ds are present, thesnoother the notion will be.

Sol enoi ds 28 are energi zed periodically such that the

rotor is attracted to each sglenoid in turn around

stator 1 and therefore travels around the |ntern%. 11 n
smoother, thg THEIGRArDY 1°: SHEROIH PE FrbSarFERE P Tive ety sue
that theventéors atrrcged| e giash| odedoitdmpErst fgound tsppspr 1 and
therefN RPavt1FREASLALC 6O Fhr BN RlavEt WM IEd S and a
: cylindrical internal cavity; and at |east two
In a Pliadetalpgdigear qﬁaﬁb#s@nnﬁael¢nmaﬁ1mggﬁxePFc%HﬂQQOSed' comprising a
statogm'a!ﬁvyé/%\agﬁéte{d abSe, Slabdat 20 whinside,t 4.1 3t ayDindrIhe) internal

cav1t§6 a.ng n‘qteas P (] |p§al§g: \ggr %anjzlrgyézes ;ande Tih:% HQgrgeQﬁEally

'S Cerntrica nount he out put shaft
condugtgiget mﬁ\?ﬁlﬁilaneﬁ%r“?t@%a’ﬁsﬁﬁ die E%Bafr"ar afee a?F*éﬁ‘ﬁoe“lbﬁ’Sl“‘ent is
shownSi rggare 36.. The sphaostr géais ceotoi®r13% BruntgBuPR ddeoputput

shaft 9 plA@”@éa&:aﬁ:Cdbeila%atm GRak SrHQRE e hEatd tholih® the sun gear 36.

ut shaft pla ar rotors h h
The p ?f’tegtr H8TTS 55t 5cg\r/‘le tmou f° tﬁep st atg o?arsr e\é\ﬁngeﬁlv%:h ¥en 1s

concepprirali o ride Pgtﬁqﬁab@%t -afBairRl3PRE L FCERfS ettt with the
interh&le, $¥batidd caticdy BBkeveniheangatar. Pagidtionsmwilt ferce is induced
aroungt é&eoglgmﬂf%§gggglﬁgt£@ Qtla’dg_grl n,ttf Elpﬂ;ergtlt %@%191: agnﬁstltlons of the

gear rotor,, such that,k each et rotor 1s
et P REUEBAF O Buth AL ThaCOLARE i geLer, Suoh shat

each pbingregethergPantt eudher tareund dher STRAPE | PR rtéaF dyhe contact
patchperﬁéﬂﬂeennmﬁé plamdtaUBdd the bbnelr ebv<e umf efsnoaropetit@ic motion

aroun%t ES 151n %rca.%@lqpér%ncgocgf Qh@’@a\(:%r plggre §£ 1%" fgpea twelve-pole

180 and f%ﬁees woul n
stacolingiiit PREE Andn Thodtd qinoa6?0 FH6FE (U BRp@aonesized, then
thosedegraes 12et @10Thed plognétgrgear ¢iwot-oFke (d@set tdparsupLors cause the
sun gggﬁrta Qototat® i Whi Gh thin tMtﬁtéQtt&Ee&tIﬂﬁQ Okt 43Ut PS&?Jttary gear
ratio }% e:ﬁ’:; eatr\:lﬁ.re OtIl,IO?[(Ji% eezpmrl C?}gsgg(:%&t 2 tﬁe og} %um vplq:h respect to
thejBPa%or 1 may have any nunber of pol es, and may be

Stator %. may gg%j %r%mmnegkc cﬁ%t al arpc{ mg!:/h:?er fgg‘rg :Elrl(c‘bt'n ?1 y magnetic

racteristic of st at ot ist
metal RE criHaF ge=r et ad=helt C&%rﬁgﬁéfw RF nﬂ‘ﬁ'ﬁj’§ 145 ehae 15 nas
interVal i g coatfh gisr atilons wameyds syipldéngor Vehtoweaentepiations are
possi®id fRIRELT SeaM REENYSnAf mdrRb 08 WinailgLlogr ablapr sai d
gear teeth of said stator are positioned on at | east
rrefegpbledgeidf gsai destatdr said sgaremdiags pemigéenedan theleast one
edge lol 98581 stadbys @f at:hRiapt drgensSt1on Ehe MirBdiH0%4di@85 of the end

turnssgg\l\@he! r&rlﬁldngrlfl%se, g sh% gt %Endxgt}?é 9S| g%%to?iA Iﬂaswyl%@st;he in which

s are ocCupy space a
the "f"ﬁ‘él’éqfﬁj agf P‘I’ﬁalts"t’ﬁ‘f%“r En@h\"‘&/mﬁnéz émuﬂﬁr%?a% %th&\ﬁﬁ’ e?‘%}l"’f the

statah.agnnmeati endltarntis sGewr, tfoet fidFammatic clarity. Gear teeth 23
of the stator are positioned at the edge of the stator, at a greater radius
than that of end turns 22, as shown. The planet and sun gear teeth are
positioned on at least one edge of said motor, corresponding to the position

of the stator gear teeth. In this way, the teeth do not interfere with flux

patterns.

'
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of the stator are positioned at the edge of the

stator, at a greater radius than that of end turns 22,
wa@sgooshasae The pl anet and sun gear teeth are pPST/UBINBONS523

on at |east one edge of said notor, corresponding to

the position of the stator gear teeth. In this way,

the teeth do not interfere with flux patterns

.Alternatively, the stator gear teeth may be forned

into the face of the internal cavity of the stator and

the sun and pl anet gear teeth sized accordingly.

Alternatively, the stator mayiconprise a |ayer of

Altergggﬂl%t 'yC tsﬁeatsg tgj,ﬁ g%g @eét%yr%{ %f k&ﬁrdn%éa/ éh%oEi‘ceed of the
; ¥ By

23, mechani ca ol ne sui tabl e j oi ni ng
mterﬁ'é%\rf's‘?véﬁﬁrf’fa§htaoﬁ'§3§é’raﬁﬁé &80‘\5}@’ a&ah%]ﬁn\‘?'é It C teSEFtI’?lée‘i
accorslt.mlo'r is shown in Figure XO. The planet gear rotors
each conprise a |ayer of nagnetic stator and a
Alterl“é St 'é&eté"rtﬁ‘é?wnatyoB?‘FPéfdsFo’i‘ YeRethh SRPEETISy SFRTHeds 22 2
layerhyf gmresnirlilabltecfimdishgtere 2As maabhnasalynjeineangy any suitable
joinigbloclﬂééﬁhs aﬁiae?isveon@lec and NY%ot € Hhapsle Je8E . rsatcaL 8 ARor is
d_ar o [
shownP! pel%ué Hﬂ Tjt?%o ﬂa%gqag&%t 8 xasy 815 a&dc Q%ﬁ’;g&ste & Fa%r of
magn h'é THACEr 2Hh @ Pﬁ%e’bl°§n‘é’fteg’é‘3i‘*l>f d‘PBF%edeﬁ%?’é' t"l‘?&f“all‘ﬁ‘ij"ﬁly joined
by aryosgitablanidierisgshednzeduthn asheompieonnd Breosen ag@asive, etc. Thus

the ﬁgséc RRb " BHYHCaRe r@g@@alacrohaa% AL tr@argﬁauaqdaxertﬁ% engage the

at or conprise sever such | aye netjc
run o e e R RRd A SR Sl TS R T ePeB e hfior ana the

plangtngeanhgrrgrs GoeHed st bigh ”Fﬁéq‘febtcépsbenﬁyséﬂftﬁq da the motor. The
sun geeveddds su€hrdqayes sa alagh@ginetiaged.ot or alternated with

several such layers-of externally toothed rotor. The
Altergghivdar Hay SCORPY ISy Sevstisk seiperd Bich daydied ofepgonetic stator
alter@ft&d witthpsdveshhal sycallbesrnbedimedha EIpitpoSPAL & cabbr. The rotors

- may c%ﬂﬁr:{ g eIer_cglh %QCQ eﬁaryve rg ro@%gx\{gllﬁab!ﬂ%rc %mﬁé:grwt%tdl Hin several

veral _arran nts at pOSSI ble for the magnetic

such §aﬁa.rsngo§ e:Tihe qﬁﬁl tho g yrals_grar nagla gre§1a| fOBlPI‘lSe several
layensgpferratabd ygeamr eflearamuyputt lveaftngrét penapeddvitgs eapey space, or
one MAYNEbABWA 6 ,Shbotanyaebasdhieneoenduoicidae stator to

the next consecutive slot, up the next slot and back
Severgdr psEpnoehentyt Bee eerRPidhetine shatmoneThuyinditosni Ab¢ ngndings may
be arsdh§@URGAS1ioNE, Sal tenpncheimeen two consecutive slots,

wi t hout one wi ndi ng overl appi ng another. In other
Prefoggply, t@achrIfstdrnginidesn agsanowat dewpforngnelotThjagross one end of
the gradoces the wimupbnofcustineidige] akerhdmag enék tadhiNSack across the

othex\M%h& I'Béjq_hgoéta&rog\” 'gl%.lg lela!éh wlggll‘?‘@lsltlgpgﬁrﬁ%agﬁg stclﬁ.lg cy between two

size alth ou h saliencies coverin er an
consfPLi SaFF e ot € BV Gy &' TIRDE PRPEREE I oeher words,
each yipdige et 2 SERE nabrrel cond -n8higsedngealtbe Ipamtnof evinding
takerd RANaORAASEhIEN)CYh D WReRos pRtsidNd 1GRY TOCELBRRAEY may be of

any sqggeg dthEGShr@ag.ﬂghbfeéMc%gg Q’H ax%le%?alp eV\ng%referxdgd as this is

or_ ol hrough™a s o e stator

= morso AP F4it ikt BET RSB end of ¢ he

The magnetic windings may also span more than one saliency between slots and
may overlap each other. The magnetic windings may also be wound toroidally,
i.e. up through a slot of the stator and radially outwards at one end of the
stator, down along the external circumference of the stator and radially
inwards at the other end of the stator. This configuration requires shorter
end turns and therefore fewer windings. Any other workable winding
configuration may be used which will cause magnetic flux to pass in a closed
loop between the stator and the rotor in such a way as to attract the rotor

to the stator in a radial direction.
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stator, down along the external circunference of the
stator and radially inwards at the other end of the
W@ @ran326dhi s configuration requires shorter ePdI/US200%005523
and therefore fewer w ndings. Any other workable
wi ndi ng configuration may be used which will cause
magnetic flux to pass in a closed | oop between the
stator and the rotor in such a way as to attract the
rotor to the stator in a radial direction.The magnetic
wi ndi ngs may be wound around horseshoe stator
sal i enci es as shown in Fi gurgzll The stator is
arran magnet i ically |ns ted pol es haV|n
The naetaR O re T O e BT I HEOS T L sdgies =
shownhin FAGkFE o - 4Bhe WHAEPRGS 47r§réﬁﬂdywb‘ﬂé mgﬁmw%ﬁy insulated poles
hav1n§| aFd Y) iaic@e¥oamd ok Oa athe=ddaeki t1@N statrgk,t Bes®=d by backiron
. WDQ&J. %%h‘@'? @Q@?e&é%ﬁgﬁg%ragfaﬂ%bfj ;I@%&M %tlgd the backiron,

non- magnet i ca conductive material 48. Furthernore, 11
ana thReq,FAEESYPC BIRRAR FOREI R T B AdFIRS DT atficg) monmagnerically
condugblenopterim@y4be used. As shown in Fi gure 13, with

this arran errent at | east two sol enoj.ds 28 ?éal solenoids may be

FurthgFPRtged” PAACEl Py SPYERT B2t BTF 1Mo e
used.sh amwdsuarl’egpr%%nt withehdppotrhegetdnd . ndt i leashi tfo solenoids 28

are aP€ang2al 9&&ia(i$y2§rcafrﬁ enNefagozed. m&iﬁ&ﬂeﬁabl&ncﬁu@haf&aﬂesent the
smootBQ:.e Il 9&:1 31 @% tegoieq'loq@ hesalen eq.'ﬁllgeé Wtk & Oééri(_ij such

tator ere ore travels araqun e I nterna
that Eﬁ%l’f‘i‘r‘°6fl%ta§tt6?°tie‘? EPneaft satTPienbo divfBntr grPdt fgator 1 and
therdfpyerfitagals slyownd | trhthgmnelalS':a\dtmoob rstiasodiscl osed,
conprising a stator 1 having gﬁ%%netl c _core, magnetic

In a \FPHH’?%@%‘“WHS %?I?H’?dﬁ“é%tlf’ﬂt 4t ’crh\‘i'llﬁ‘;’ire dfd arpotor is
disclgge@ntoompridimg gestratogt brhaingead @agnérionenegneaeboeat ioy windings,

and aAb{1AfdAive) MRkeELd TavityUahadal RebERAiREr ShRlREr AdRr 37 made

from ?ngcr?e tJ_rcla n}%:art]:Qrge ver %tﬁ rlaqE,easnitcl)JgE eé 1%'59 tt%e stt:?htor The

SI ica an t i'nner- di'anet er
ecceng é‘E o‘?lnan@iee}"s rPﬁ?‘érf}?él Ry AFET ekt ECHET Iit‘gPéB’t‘f?é’&lyﬁFmaller than
the ispar|dangear cE8thé Sstaitbuadreldib ngitdentiley BhAgegeahally toothed. A

smal1e@t eéar @@nfse@tl_er{ﬁgtau tlhsm_e t%teamrg aRURd, ONdRBntric with the
e outer

d snal I e
ocar Bt B SIS UL AT LIRS e cnatror
concentii @roerr halk ergeflpe tl@@?ﬁ.drﬁﬁ@t@é@énfw SRRy Ydgve gear teeth.
The dc@bffrid/ rohf)@Ges i:dsm;:staatﬁ{gagesiﬁr& gtdtsirdenaitk bheéside and the

small%qatérgengppg%tag gn g.lﬁ:@r 19@1& STllnﬂ,SItqg ecﬂ%ﬂérl@eﬁlng gear rotor
connd cceq?]rl c {]Igfe‘g ge r rotcor congects sm'%!nl er _ o N

EHRCEN PR FEPEet e “sPHt0r° T 58?1%? al Mt FEGEAr the gears are
very gimiyayr ynstidd.apith tWiez eonghinthie e aE ORE oty neclyesapl ¥ than the
innddi0Hi sl rseBldrer sthasr theadrderridigagedero@br t3ve as thin as
possithat Jll:L &quutnges{llﬁg gear rotor 37 as thin as

possI remal ning stiff. Magnetic normal force
MagndtSci RekiGedsar@UAd ihmcedr tsihar enc eiofuldeeeftatd® thatstator, at

dlffgegteimﬁaQ%gl@EoHQ%é thQSstQtfcol‘ Iﬁb%r%Lﬂc,oé[lly, such that the

eri odi cal %/ﬂ such eccentric ring gear rotor
eccetEifaTingdPe |r>?t8Ft’r%@teéa“i%faa}ﬁaetrtéﬁft% Pofst & 6tihdregions
avourtdhghstHtegpr. stveh thatt thlhecovachcratvit btt-Weerwelen tihe gear rotor

and tHeNG PR nbdOlMin circular periodic motion around the inner
circumference of the stator. The ring gear rotor engages the smaller
concentric gear, oscillating around it such that the contact patch between
the ring gear rotor and the smaller concentric gear moves in circular
periodic motion around the smaller concentric gear. The rotor oscillates with
high frequency and slowly rotates. Only the slow rotation is transmitted to
the smaller concentric gear, which drives the output shaft. Bn advantage of

this design is that it ensures minimal gear tooth wear since at any one time
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and the stator noves in circular periodic notion
around the inner circunference of the stator. The ring
w@ear/10260r engages the small er concentric geaPCT/US2007/005523

oscillating around it such that the contact patch

between the ring gear rotor and the smaller concentric

gear noves in circular periodic notion around the

smal l er concentric gear. The rotor oscillates with

hi gh frequency and slowy rotates. Only the sl ow

rotation is transmtted to the smaller concentric

gear, which drives the out pu§3shaft An advant age of
R L e e L
planetaryeTh2 L GFPARSINRCE h? %Fh@&m%tagﬁnlﬁl‘ﬁwét amar@@atint can be
made £44 ABGEIRIhg. tife fstibtberEratviad agecdms riibajeaar bangetegt the ring
gear gc@:%rbgo{@e%%rggrw:L %CQﬁ’Q'oluQQuE ryf'xa)s:t: ath:g: gi@t@ltehgor high speed

concentric gear by noving the ring gear rotor
operatifficentric with the output shaft, for exanple for high

Statod pﬁ%qyohpaﬁreatawmm@g@t&f gélg@y al;xavrﬁa@%x BobrRar fpém any magnetic

pol es fraom an netic ne or,
el (71, SR GREET L TAPSTAT . A CRSPALTERLAEI & GF CEraopoqthat 5o hes
interpsl hat feethass wildr aalmageatic eepdings -wWedticas mrgfﬁsvretlons are
possi¥iFoR06he o¥ari€ishCoi n@yhediconsndispessitakerfor the

gear teeth and magnetic w ndings of stator 1 .
rrefefyldfver ably gesdi thajbart tasdthspitosare rgipyongdeon at least one
edge PPHAinogEtaN at d easiuoOnargsgenah Sl dasdaitOkadils @t the end

turns gp' s Lﬁ(ca%st hanthe, LaLIest. 99'H§w9§cﬁ m%eeﬁgnghlulggsare

e w ndi ngs. Stator 1 has slots

posicopIRf nBE" dPERoR] FPGHEH. PERR TUFRS 25 BECU “Epave gpLy one end
turn iheshowd, ofor Héagtaieric @ilayiane Cepad tagth 3 ofholm, sthopr are

pos:.tgb%:f %gn&taé Gagk asd tté‘le g&?:rorlaeﬂ R g3etexrt hﬁi:ﬁisat:ﬂin ah8t of end
urnsp I t1on ownat e .e Q a at r, te t ar ce o e
T 9§ Ets OJTS 9§ J}l he gjx% 9 Th% Qt%%% &I_ teeth of th

i 05 ERAR 't hat end turns
ecce%ﬁm\ﬁlpﬁ FPuretyr ar?h%osé%tl@?‘?ﬁialong%‘hrleﬁéét?Feof"d'?ﬁé’f said ring
gear e6tant bbﬁrésmd@&artor thorgearetqEadi of cad otntatr, | @astat a radius

s1igh®e £8P 13al Qhé Ixraqngsea;t m{&r thgogga%gpog@rnge&& t.he placea.
ar teeth of s at a radius

e IR P LR Re o4 06 P AN PR SPAl ST iar T K cuevards
from ghe wHgneketc PPHYsCR eeexing gaprr go&PTt %hl@if-eltnﬁé g¢gqyg teeth of the
ring geaf HoboraeXteadydaadtéddy odUtNAkEscd It fenmagaedized

accorgggglﬁpf I}lhﬁi I ngy g%@lr £9§ r doTA}ﬁ: 1H£§1_If%§'le \gl%r f&&:@t;ﬂtterns

ring gear rotor and the gear teeth of th
Alter@QBO0RNY | €he)BABLRF el ZOktACHOYF ieNGbymed bAtd hjhs P&y of the

1nter§1gf Ja%ﬁ:p gp t@lgt st{ﬁ:togrfﬁ( %h%t&sfel ut\éh@%h réle?ar rotor gear teeth
Al ternativel he statorﬁﬁgar

forned
need PRE SIHRE a&f'yt‘r’r‘éwf"ﬁi‘se ar %F‘F?“eo“flct B‘éd%t%t bpe THipe gear
rotox. hIS case the ring gear rotor gear teeth need not
outwards fr.omthe magnet i ¢

Alterlnaﬁbve é’al‘ leal | %tor A}alyec:om r|1\78| 6}1/’ alyﬁe gltagnebtoldcy stator %6 and a
layerc gfiptitsenal bayertidd maghet i28 - srt@a%hérll*zﬁellemdowqda%rar@f suitable
joinimBt edddl kych et heth &t ah@rgnddye Medhani-€al kyc) amedibyshown in
Figur@nyo Sl‘!l:lhteap}.fg gear rotor may comprise a layer of magnetic stator and a
layer of externally toothed rotor, mechanically joined by any suitable
joining means such as tongue and groove, adhesive, etc. The concentric gear
may be one cylindrical gear as long asg the ring gear rotor, with teeth
extending along’ its whole length, or with teeth extending along only the
length corresponding to the ring gear rotor teeth, or the concentric gear may
extend only to the length corresponding to the ring gear rotor teeth, or any

other workable arrangement.
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j 0i ni ng neans such as tongue and groove, adhesive,

etc. This is shown in Figure 10 . The ring gear rotor
worey7aaedzee i se a | ayer of magnetic stator and aPCHYS2000605523

externally toothed rotor, mechanically joined by any

sui tabl e joining neans such as tongue and groove,

adhesive, etc. The concentric gear may be one

cylindrical gear as long as the ring gear rotor, with

teeth extending abDong ' its whole length, or with

teeth extending along only the Iength corresponding to

the ring gear rotor teeth, 0@4the concentrlc gear may

Alterﬁétt,:ﬁ)@q onll:lye tsgaﬁg.u.e 9ng$&r§.%er V\D ht Payyé}% o]f r1\%.gnet1c stator

gear I‘OfOI‘ or any ot e arrangene
alternmdef'ﬁalmﬁéﬂeyaltwhstlax‘edﬁﬁ ﬁﬁyl%ﬁﬁﬁ?wet%%daﬁt%m The xing

gear kayer sapfcomgneti sevstral orucal Lleyarat et msighhtisewepalalternated with
severSlCiudnaY8F s Obei BtrRally tbepidiedostat ahe Jcnecehwgc gear may be
one c%agrrl'drrJEEQr ma‘xy CO{gJ i se several such la ers i teeth tending
gnetic rotor alternated wth Several® sudﬁtiayer of

alongefte gl eyl sther rEtBriecthestienddnrd rlengedtlyniye fength
corregpendiylgi ndrilzalkigeaeaasré@ngtastt, her riteg cgeaint@t Ofsar may extend
only \M:t tthet Q@L@tt@@o‘%@géﬂlﬂnd%&% ltLé x"ﬁ?@' ?ealrqu{:g'r 2 tw tcn:‘ any other

1«¥Eeth extending al'ong only the lengih correspondlng
WOrkEPRR FRGIYeH " rotor teeth, or the concentric gear may
sever@Xt £NAnQBLYn 0 oL b6 dRNPED f%s_lr £es mlgggém (@nd sl 1 BE windings may
be a eana{giggaleegg oI agg t her wor kabl e arrangenent.

Sl arHangSheft el d$si bl e for the magnetic

Prefe%ﬂﬂ} N@$e Jib%e\ﬂ/'l@d,lrﬁﬂﬁn )érQew&HdaBQﬁQ oEu@di:ﬁ;tJ yagfoss one end of

the stta grentl @ﬁ' ynext s.eerca e stl u gnl‘?t nC W .QJSI ng\ Fl k across the
fid “Towne one “sF o= 4er Bs §'8he B o et ars ]?%

othert H’éd Réx EbR oTReEent | TRuSs Poth wipditee spexdundbopnairrd Lberdy between two

conse@Qt D&S stLhes ptlieho@ bnef widd ngt Gt apditds afaedeW B8li dt@her words,

each s,uﬁ&fw dse oanesp;ﬁl wﬁ@/op%nvge ep, 1§ &%e CHLI %%uﬁL 0L S nyinding
hout gne wi nd I Ng over | ‘:Eglga anot I'n oth

caker,bp 7 8 chie PR hAS 2 i G5Vt TBReSAHRGics msy be of
any sfeduclddotde sidantisf coverdingga tlskerr LInsds erd drefassed as this is
a mor@hiGlk-d@rpofendr aviddeyehbsx. The saliencies may be of

any size although saliencies covering a |arger angle
The mgpeepicefiépdawsanay Hlso span more thlapxemf fsetienty between slots and
may cbEBdJeEBRlothERe TRYRALLS: WM REhdIGSs Ry, ahse bcepaaBuH@rt%rOJ.dally,

i.e. EP%r%ﬂ%ﬁ%'él%@%f h;q%aV\@@&Q%_J 2;15' r%%ga{@}y ougv%ru!f one end of the

net1c w ndi ngs may

statore Gl §os it: efﬁFﬁ?ﬁFcﬁﬁﬁ$uﬁf%ﬁ%ﬂFeo?ftq¥§ §¥%HQ§raa%cFadla11Y
inwarndgdatalthy etnamaeds et tbpestendr of THikecedfigokat owWre@hiofkg shorter

end ttuk_ass @HACE A e oI b CEET LT §NGE ah . tzﬁ-@, gg@é@%@%f@@hﬁé%
rds at the otger .en d of the

st
conflgu Nt i 1§Dﬁlr BEY of Fe5LiTeS s‘ﬁlorlt f:f\"?‘useen('j""’“f'I ertr%s g%‘élx tRePRiHr@ & closed
loop pafegemithel HGECr AFRS GRReFORRBT kabluebyi tfivngs to attract the rotor
to theosfawgur ahiDrradayl biivesetbnrhi ch wi Il cause magnetic
flux to pass in a closed | oop between the stator and
The magRetist Yrndinosyurpy Pnagued areund thegeeshdsesEotor sabigqisdes as
shownstipt igurg B r.adhal stitoectis Grranged with magnetically insulated poles

having two saliencies 45, one at each end of the stator, joined by backiron
46. Windings 47 (only one shown for clarity) are wound around the backiron,

and these horseshoe shaped sections are held together with non-magnetically

conductive material 48.

Furthermore, in place of conventional motor windings, radial solenoids may be
used. As shown in Figure 13, with this arrangement, at least two solenoids 28
are arranged radially around a stator 1. The more solenoids are present, the

smoother the motion will be. Solenoids 28 are energized periodically such
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The magnetic wi ndi ngs may be wound around hor seshoe
stator saliencies as shown in Figure 11.. The stator
w0 g00anereged with magnetically insul ated pol esP¢EUB2997/005523
two saliencies 45, one at each end of the stator,
joined by backiron 46. Wndings 47 (only one shown for
clarity) ' are wound around the backiron, and these
hor seshoe shaped sections are held together with
non- magneti cal ly conductive material 48. Furthernore,
in place of conventional notor w ndings, radial
sol enoi ds nmay be used As shgwn in Figure 13, with
that mé s.;arran erre? I\ aLt ast éwo sol en0|lds 28 are
AT anged® FadrarTy *Ar Sund A°8t Wt 6] SClPAR gl turn around stator
1 andgEieneoPHS THPEC DT SEOHPS e i3tRKsER PNy ABtteRoNi 1
Sol enni ds. 28 e ener I,zed periodically suchthat
0 & PP BnERESRe 0 308, SRR o "t howtn i Hhor 1o
disclpgidy 5?‘6????&1% at cﬁtaio’ari’d htaﬁem%faowegltqtavemr%r vagrktikewindings,
and ai atlemAalcaavntyrcfl shaiy; X¥nd d Rotodf it Ra@diedinneeically
attragbﬁre' RX@J&tla@.Q; &%\A’@ea n.'l.rJ:Slg.grte'l gﬁat@:zrm&‘ge le%or has an outer

dlameger 1, ,__conpri Si n% ahsta or avin

cor &, gﬁ%\ &n Y iR i sSEaRn P % fePT r?dtaf“é%ﬁr tEF?]aﬁtat“ and is
eccenprig twyth dRFracey dftoorthegsmee fThenmenegndtiageddry of the rotor and the
inneradidn@tbt W& BREeEdaalos, asd tswabed rﬂaﬁﬁé&% thersteaal Ok . smbAg,
exterﬁﬁl@r tgél_sne%nggy:l} eero qlfq aﬂ%-%gtg'él%g r%@n%t Lb_{ec? rgrail Ll’?er I.Iortl.an

. i nner %Faneter 0 stator a s reecent rie With 3°
°n°e?‘é Selt R FPhEC S at SRS /Y™ ot 40l snvisges Wie fReSF Gugface of an
interppivt hecthpdepuetRuinober 4, tbecestalorwiahetlsa@hbBor, mounted on the

outpuHB@‘Bﬁﬁ:l €. SM@B&E:&S noAn§iT&_Urce exd ?%@@cl:édy aI:Q&Hch %ge g@ﬂrcuﬁigerence of
on

Nn-r0 | I nt e
the s{:ac‘tcﬁo a£ c{:&tf %Iﬁ: a%guo%'lr rposﬁlonso?%rt%ﬁegFa% 8ﬁ53ac§3é.§ally, such

ConcentrIC Wt
that PR TeRRBr3 % dF R 6L Ry AfeFariRfytq AERexErsurpatongearound the
statod] suchncisrn the aurthct hertshab@iweeADLHY @deON alnlaetﬁ?éltspcﬁt:or moves in
osc11§§@fnb éemobiagrkﬁ&dl%anfétﬁJd £oL Ci%nlazc' 41‘1‘@‘:1&9&@:@! gung stator,

with S sruc%ggner en f the stator, different angu
osSItions o ? st a? th‘m"peﬁ‘?’b"dC E57T y*0 BOYGF t“’H&’f‘ Fr‘fé’r 39 and
there %‘teoﬂeserﬂibeSperWGﬂeamgﬁtam reecued the difidwersentace of output gear

41, wiggiaoAspariagased haost ﬁﬁtaoﬁumtb@@tgeﬁbe‘l:pq_@t QGEatQ.%Bley,
centrp&tl\weﬂoér&%dr&g Qhedl CF;Lh:h s§£§_1 %r aI@ oros L] a%?mlttﬁ the slow .

IC noti on aroun e | nner CIrCU erence

rotatg?n 3PP £he oKiperFifbsed sl ow rotation. Rotor gear
Note é‘IQithMelsléMrEhlg QhQr o g’%lﬁngegpeir et:gr[ce qgsg“lp:%S{:IQe stator, driving

the o&ér tat] ng aroun i'nner surface
i’i Sii t AR GPEr 50 8 S s Ti5t é(fF%thWt"ﬁﬂrt The rotor

and 1@%6&‘334151#&5 erotrittional tly regpatty itoathey smatiot etdodutdi® shafc.
Stator tput shaft 6 and therefore transmts the slow

ot At ¥ oh wi ERDTRE Vs EPIFat i%8A. "NoE e ArPT Gy emagnetic
metal 1‘95 Pﬁb%maga?t?gea\atﬁsmﬂoncent ric with the stator,
Vanous on?%%urag out put shaf]%) The rotor gear is concentric

tf 7S *RePTUt o altf the %dar tagtd @€ckhn Gisth
emb“wetnﬁ respect to the st ator and output shaft. Stator 1

pol es, and may be fornmed from

ave an
A prep&%e?mﬁ‘hre ¥meutt af’ror SERRY TREGHETS ¢ ¥‘ﬁafjeﬁ"ihaFmb°diment is shown

in Flgure 20. The rotor gear 40 and output gear 41 protrude from the plane of
the rotor 39 and stator 1. Thus the magnetic components are in a separate
layer from the gear components. The output shaft 6 penetrates through all
components. The rotox 39 has an oversized hole at its centre and may have

bearings, to accommodate the eccentric oscillation about the output shaft 6.

Alternatively, there may be more than one layer of the magnetic (rotor-

stator) plane and/or more than one layer of the gear plane. This would add
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Various configurations are possible for the gear teeth
of the fifth enbodinent . A preferred arrangenent for

wo b@7gertse t eet h of the fifth enbodi nent is sShoMT/UR2007/005523
Figure 20. The rotor gear 40 and output gear 41
protrude fromthe plane of the rotor 39 and stator 1
Thus the magnetic conponents are in a separate | ayer
fromthe gear conmponents . The output shaft 6
penetrfates through all conponents. The rotor 39 has an
oversi zed hole at its centre and may have bearings, to
acconnndate the eccentric osggllation about t he out put

6. erntlvel ther
rlgldf%?’y? o’fu%g‘r? ﬁ%s %et I'C B(éﬂro? of st at o% ersl '5?1 % Qhamcally joined
by anY eyt tapee |Ja>9§im%ﬁ“e?ﬁ% %’é‘é‘rabl%‘ﬁ@u‘a ﬁﬂdsgﬁmﬂed adheswe' etc.

[ d| £ and rug es q.Lhe motor. The |ayer
SeVerdn arﬁg Shafi ¢al By J%?qne by haenma titable 6 nl:lhng%he stator.

The wielingssoh bes ATHTGEE Jaarﬂ:}a@ilwreta%ﬁ%v etc.

Preferaeb er al:har f an%f?&er\}}:l.?dagrgges :—r\ﬁg’svlz pllng r t he r&%gneacross one end of
i'ngs i n e W ndi ng arranged

the SF%‘H?ralthtft?r neRhATErar e P el"lab'we I‘Fﬁé Thgndtq dack across the
otherWeritll iofigShérs@ anotiNthdewhadneisdiol, s@tcfcdsss one eAlli«@fcy between two
conseEQLe.w%t Qi@!s ,t Qltzllﬂ'ﬁltngﬁl vﬁ%ﬁ§§§@v’e¥@aﬁél‘?{ghaﬁwcthte?e ﬂe)gther words,

e stator.

and back acro th
sch el o o B8 rAIRES o R s a1 EnEy sEe g THGRE oF Minding
takencyngec 6L Tk otiichi ¢howt preidgentiing Bherdadpphatps may be of
any s@f@tdlehoudi sat beiciwer dsyeradgha WaltdeNiiias #reSpaBissdledeas this is

a morgffﬂ&eeff;r IS %&ggmgm anount of w nding taken up
as end ' turns, I Ch do not provide flux. The

The m3ghdt@RCvEsIiTRY By @fisangpasi aeralchhnugle sali@nrgl Bstween slots and

may oggyﬂﬂ Qgcﬁ1 Aﬁ%gerT&nﬂL\&qé_ﬁ% pz[rﬁﬁ%%E %ﬁ%lgglb% lwguﬁd toro:.dally,
. rmre | ux-efficient arr angenent gnetlc W nd I Ng

haﬁoélghsapafﬁ'c’ﬁo?% ':thﬁaﬁtalﬁ?é gt |r€ﬁé?zl]t§’e WeBH % 8t s r?n&“d of the
statowaydwepllarpﬁ gachexsterepl Fhreunbgpeace cofvithdi sigs-omagndllredially
inwaxrBe aOuhd sl dad lof the astaliiﬁrt Mﬁug«tbzﬁh@lleitﬂ;n Eg@ulres shorter

end tggﬂ’ﬁlé Oa daggel[%glrgl %é(vegufvn\ﬁ@dlgl Stl?g]:d ?vgrﬁg]abrle % 1ng

& external ol teunferencs o
C°nf1§H’6Ia"rJé’6‘| %ﬁ“f VS Hitet aiak tié Sflff’ér maAFr fher é"PaP%‘?“‘: in a closed
loop Bhtwewmonhe guadbr omd efeli raeorshorstueh ®nchyt 88 > andract the rotor
to thkhstafRr enfewabii ndira@sion. ANy ot her workabl e wi nding
configuration nay be used whixch will cause magnetic
The whbpxtitco wpadisidsnnay deowednd egpuiktweessideessitatrosadighcies as
shown! AR FiRk@E i1 SHE hs@twylasart:@n@éd kaeh ntal@aeﬁpéagrlyt OndN@ted poles

havin%aé\}rorsalger?c easdltlél C?(iilhrggtl e net E W nollggg by backiron

é°wound ar oun or seshoe” s SCor sAlTeRct €5 As
46. VIRBIRPS A7 Fllrecnq shPHR SGcdrriy) afFangEadvitqynd the backiron,
and thmgaetidreakhge ishspéditsedt polesrhawildgtoyurheal vBNCnes-gnetically
condu@B€vaimaeachnend of the stator, joined by backiron 46.
W ndi ngs 47 (only one shown for clarity) are wound
Furthgroowrd ttheplback pE ommnvandidrmdseotor gesdiogsshegptihl solenoids may be

used SASTLIQNS 8 eriRRkd iNget BRIt frNeBenBA)CLECAldt two solencids 28
are a Q'QIqueC Irg.glal:%.t e[‘a!rg‘l!tnd § stator 1. The more solenoids are present, the
smoother the motion will be. Solenoids 28 are energized periodically such
that the rotor is attracted to each solenoid in turn around stator 1 and

therefore travels around the intermal cavity of stator 1.

In a sixth embodiment of the invention, shown in Figure 21, a motor is
disclosed, comprising two stators 1, each having a wmagnetic core, magnetic
windings, and a cylindrical internal cavity; and two rotors 42 made from
magnetically attractive materials, situated one inside each stator. Each

rotor has an outer diameter significantly smaller than the inner diametexr of
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Furthernore, in place of conventional notor w ndings,
radi al sol enoids may be used. As shown in Figure 13,
wowa/103266 arr angenent, at | east two sol enoi dsP@BUS2087/005523

arranged radially around a stator 1 . The nore

sol enoi ds are present, the snoother the notion wll

be. Sol enoids 28 are energi zed periodically such that

the rotor is attracted to each solenoid in turn around

stator 1 and therefore travels around the internal

cavity of stator 1 . In a sixth enbodi nent of the

i nventi on, shovvn in Figure 23y.a notor is disclosed,
the st(::a(.)trg) ISA) neg WO S:l!:sat gcr:esnt]i'lba mouaiyec{]Qns_l{rH%ngglspt tor.

r,magnetlcvvlnlns acy’l1 ndric i'nt ernal
exterE%Mw Foortind BaRr ridt 6F sn%ﬁrﬁwébﬂmnﬁ%gﬁe% GaFpyrotor 42. The
exterfdliyacbotte=draterd al2sendidelabed.n6h@e IdTS teirgathasliattopthed larger
gear E@qnnegtp«; Ilaaatmyouwﬁcedﬂt@ﬁ@;ﬁ abicHiehi gxarttﬂeyoéqmtl haft, so
anthelner di a ?:Ehh ators e, rotor_iS N

that E‘E%é’ﬁf‘i‘u% 1Py cﬁ‘b%eﬁitéac wrfLS| dE e 2ER" St or D“%lg S88rdrion, magnetic
normagxfaicral $ ;Ar{d@e?-ﬁeﬁfogeértwcftvscqﬁrﬁﬁrﬁﬂeapébﬁpmﬁ‘aﬁ‘f% gf different
angul&ﬂcﬂbsrieﬁ.&is 42. cHdhesaxbergeal byidzoaty hedicgettis: 4Reengage are
per:n.oti (_ea 1@85{?@1:a%fteantré %%E&?Antyré&%hgegréﬁﬁgglge gs%@(:oé,df such that the

IS rot %/ concentrical |l y nmount ai
contagRURAHEERAT gD TIRaForHe GBAI PR3 TR CaNBRI drcSippar perioate
motiohhercsindt vres ihner Duiricnyf opacast | o thapgrrabre. Myemakgnetic force in

one skQF&E 1issmélmtu@ﬁdd amuaégﬁéae it wnﬁmwegtmfthaachn the other
stato | r ent n (0] 9 t ég taor
statorxJ', suc i ca%tf q: otgrg }gt %ngn%le (180 r ? a%art)

suc that th S are perio
1°°atét°?% é’é’t é’@le’tro TEFPE TR s‘f%tj’irén%- EPButieP eRE - s'flﬁt 6Pt°"s%8ﬁ°lllate
with hhett frkquent actuphitbhesndigbnesn thhestragbos swigidat fperimposed

slow, %@@Es&rlsrgpé/&dnn Shd Q:Uilaaéma@ﬁr §QAIC 4 B0 RRuAE GURE EH rotor and
er circu ere s of the stat

are sig.guat:ed. in a aéffanbeetw en the two Yo OE%O-EI(%IGQ?GGS 4l3 rotate

ce one t'or 1S nmal ntai ne out™ o
ecceﬂﬁﬁa%aellw vHER FRE1T resREcHIferos %t 8Rd e ttRRCsthe (ARG degrees
aparth) Ol @f=8:i08€ Upy tbppositue §&4804degrsceBe apapty ddallhonsnd rotate,

the sglgli a&sr@ﬁ%eghY@ceSta%w %h@tlrﬁﬂ)ﬁel @J.stt@i@t 1a£1=e gEQf’ QS at the
oscillate with around the insjdes of

ereasBREY Y tDr AR S BB DGRt -SPBy T gePaT oLy S ehe Erequency

of theothiv gataTinn PﬁntmpFogeeaﬂée Arrgeoyrardé4f +omotaeiprally

conceh@t Ofa 13 R0dmaura-e8i bhadredutputa sha:ytﬁranb.eﬂ\lﬁ%ﬁof@&:dt‘éﬁes at the speed

of tHeOLPIS + ol 08 JEBES A3 xro%y?é ErRECEALS EP&L |o¥*e¥éf b8 fon of the
respective, rotors and eng ageaf&go& te egr ees

rowr&?pé? 72 PEELE TN E° ot REEB § ear 44 A s the rotors

The rgﬁgi'é lt‘.@t ﬁa@@qureggﬂ& ht:.h@s, %[EHLILe:Lg:e@E§te4E% Qﬁcﬁ:lnlalyakgve bearings, to
€. nsi 4 the fre uency

4
accorgpdite, tBELT MHarinrRle LAEH I8 ISR A ot al o
An adtvgﬁtatgreeméeﬁ%ys Qfsnb%%htenaeﬁxh:oc‘!\én[pgt:@% 'Ov%?hg%?é B.‘gﬂé@té?rﬁj%duﬂl}?t is that
orosgnadt, HAIRREEE SHEFL S PO HLMErSs o b CRATIE ATV PHE e pogat the
gearegf LetRr SREWHRALY oinsvflatére thetbres madrid ct heyeHisofFom each other,

preved¥ehidldithet atdg@at 0f tTherrfdcar snisrekans Mithethd @1tbeattern of
the QYLPUt shaft. The rotors 42 have oversized hol es at

their centers and, nay have bearings, to accommodate
PrefdraBly, ameeatdrteC tQS%ddn&ti@ﬂa&bﬂﬂtanﬁhﬁn@lﬂeﬁlﬂtléﬁa&f.tEﬁch rotor and

corresponding stator is one magnetic layer, and the two rotor gears and the
output gear form the geared layer. The geared layer magnetically insulates

the two magnetic layers from each other.

Alternatively, there may be more than two magnetic layers and/or more than
one geared layer. This would add rigidity and ruggedness to the motor. It is

preferable to have an even number of magnetic layers, to balance the forces
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An advant age of this enbodi mrent conpared with the

first enbodinent is that forces are bal anced over the
wob@aoires or. A further advantage is that the PERUSIN0T7/005523

| ayer magnetically insulates the two nmagnetic | ayers

fromeach other, preventing either magnetic |layer from

interfering wwth the flux pattern of the other.

Preferably, there are two nagnetic |ayers and one gear

| ayer. Each rotor and corresponding stator is one

magnetic | ayer, and the two rotor gears and the out put

gear formthe geared |ayer. -Bhe geared | ayer

in tndBd C?tlzlys a@é&”;ﬂ%%ér!mﬁ% Eﬁg J;x%ggg er ogy&é’a%:‘etl Pmers to be

eac ther Alternatively, re my "be nore
equalwa@n%‘ce CSPRYEPE H PHFOTHO S w%ﬁtaﬁelagy@aﬁedﬂi%’y@?gnetw layers on
each Phisidsoehd.- daddisi Gixthey mrderaggednessiet daydres motlo# .arranged

alterlnﬁtéﬁf preé ernaghstico 1Rg¥e, @@agy@&apgﬁb%ggétmqa%fc geared layer,

o balance the, forcesin hem) . It 1s also
magneué%aryae\bﬁl <?o?mt?lemhlﬁ‘o%asr 0 geartcg.:?’:f“’“l1 ayers to be equal

For ali® Qfﬁnb&%ﬂshaﬂhé heyeueher 8t n{géggﬁiéa(ilklay&fr%d M/tanw suitable
etic | erLs.on each outS| de a%geswe further

3““%? %arnabfuc 5 FrRes ay 10 be arrangéd ®aft er nat el Y,
Severlal CardERGERIALE laaa%[ossgSﬁé adr! ’@ly&rmagﬂagﬂ:etnhﬁdir%eﬁ.n the stators.
The wggg gc_L, ng,yggze, a@%g 18 c Laver elG.., ent]%(aﬁgzj)l e i's shown

lgure arrangemen [ayers may
PrefebﬁbIEBC hasi widey it Qhﬁﬁ‘in@é/ aﬁ’@)’w&l—ﬂdt a6l:2 dnei Bidg g@@&% one end of
the s%gggr Q:% LQQ%@;taQQn& g?(\?é nge% Vghe erl:egct s Ver ad back across the

arrang%ments are possi or the magnetic W nﬁmngs I'n
othes RS CYE B 2 FRE - I R3S” ﬂﬁ}?dﬁé?f SPFETTEE PRRIiALE§rGr between two
consecahfentsilat$y witRpef @nabbindinbeormgaphig whothdigS IAr&her words,

each WH@ﬁng% HRSas! @ilueaGE%é O'Bﬁlse'}gd&gest tEﬁe Sgn%tugE éf') winding
t he next Consecutlv(? %l Ot ?Vltdg Igfxt s| ot an
r.

raken, 8P 0% Phe bt Ker ik %ughsa%?‘f“\ﬁflﬁﬁ‘?%d‘ay be of
any Séa?r%]&ﬁagglbrﬁélgaw@ﬁcyommeﬁ tamget omsdeutiv eersfotssd as this is
a morw EhotHefoNeianitndifghgewent appi ng another. In ot her

wor ds, each wi nding has a span val ue of one. This
The magHREiEEs VERRINGFOURY DEOUFPRIl MGTe SRR AP @9 léerEt BEResen slots and
may onRkTidp @decRoithei-ovie nﬁbﬂéﬁtlc-rh&c&&lglserﬁbﬁj @S =8B RBuAE toroidally,

i.e. @Byt@ f%haé tﬁ%ﬂggf sc%!el gg&tl,oe.csaﬁé) rd'lglglya olu%gxec{s %ggone end of the

rred his Ls a nore f ficie
Statoé:r r an‘“{;ner""re‘f"fi‘9 t‘]qﬁee%egrﬁ‘é‘ftl %"Wuﬂa?‘?%?en% %Ies 6t%'i?§n apPrgdially
inwardgapt e Stlldrenty dettheestatiogt sThesdopmiisover i@ap reactres shorter
end tﬂﬁrherandTBEefﬁgﬂet Ewatd UGS s MBdhyAbERe D QoWRMML winding

conflgjg!‘:gt': lné{y ﬂe @lae&lnﬂhtllggowyﬁq @a'?seo%aglfl thef§t at OI‘ afsd 1@1 a closed

[ ad |a éFou war one end dovvn

toop PREWRSA EPRTEAEPF c ERENERF BT 1 Hdcht %lt"ff'l‘y aﬁdt? &4tBp¢Yy the rotor
to thengkgtds ar ¢ heddphedireptdisf. t he stator. This
configuration requires shorter end turns and therefore

The TPERRT W AT HES TARP SPWRT ARBPRABPESTRING Apator saliencies as
shownc gnf Figrat 31%on T#aystt?@ouse-'d aglreodedvwi th osgset ikegi1gt igsulated poles

hav1nfg| tvfo tsﬁlﬁ)é\r&&.ésn‘lﬁ crased é&ﬁpe&ﬁto\be@lme tharst atj%rlnéélq)y backiron
v&ﬁﬁlﬁ&t Ql} &l?fugge a.shw Qor c a]:altttyr) agat:e tw%%néoéroound the backiron,

and these horseshoe shaped sections are held together with non-magnetically

conductive material 48.

Furthermore, in place of conventional motor windings, radial solenoids may be
used. As shown in Figure 13, with this arrangement, at least two solenoids 28
are arranged radially around a stator 1. The more solenocids are present, the
smoother the motion will be. Solenoids 28 are energized periodically such
that the rotor is attracted to each solenoid in turn around stator 1 and

therefore travels around the internal cavity of stator 1.
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to the stator in a radial direction. The magnetic

wi ndi ngs may be wound around horseshoe stator
wgadoraeses as shown in Figure 11. The stator PGI/US2007/005523

arranged with magnetically insul ated pol es having two

saliencies 45, one at each end of the stator, joined

by backiron 46. Wndings 47 (only one shown for

clarity) are wound around the backiron, and these

hor seshoe shaped sections are held together with

non- magneti cal ly conductive material 48. Furthernore,

in place of conventional noteg-w ndings, radial

In a %%lre%rtl,gl dr%oo@)ﬁelpt‘_e OL}_SQQT_ 1’?‘1%e§plpo% L\nrﬁcggE eargd‘?’pam tnnechanlsm is

ar rangemnent east sol enol ar e

used, 53§ £RGEY Jrr’aﬁllﬁF‘f%/ 23r othfd fé"%‘i JEBPe1 °F #he ’r?ﬁfreétmn is magnetic
coil 30 emai tlise ailrevgm esehér isnersmiot Hegn tchelrmlt ifgnmagrdtized, arm 21,
whlchbrﬁay $el 804l SR8 BafNRRgEEAd wagﬁé&da ga&éa&a&ucm thabacted by

{11 torci ttratelgltogach soler}L { ur.n aroungl

and py °‘f[aransd f}ﬁecroe1 or e Avets PArOtd Yt Re Rt ar ha oo™ <t and is
theregens tagl*S@fP@{lﬁtio‘FOWPrfiP n-he §@%/3entTHeeEﬁ36dFﬂ@ﬁ‘ﬁesoﬁ FerEh of ratchet
17 an@i MRt | @len dheadthet puld epavdwarae hewd spil s dheedat@st turns by

one tégamqhgwflagluaslg&w Jbe;f ﬁ&&rnebﬂthgﬁ%ﬂ h&, 1is nysrﬁatomlmmnm

'S manetlc coi | .. and the driven nenber_is_arm2
wmen Gfich SBotT FO-PEevidghe  TFAES 1 RPSLt TFER Fhy 68 Faghen pustes
pawl 18 ombany Haidgsopvesothe negoetide wit B alext | woogiht r egadydfor the
next PY1@Rd Bﬁ&ﬂa&doﬁOWﬂfﬂSgtJiﬁrﬁ@i&n, Pawd 2b8ik Spqtiivaiedlly and rapidly

magne@iée%pg %&na@%?}ge an'ghdss r‘égﬁgr%ccgﬁemcﬁ’.llgg ﬁryoafr%?at c s converted to

e Co g engages a toot

r““i?""’&nd‘%h‘i& inkaFhekelar r’ﬁatgh‘iful 7 etf tGRArdesd ke B Ic>ljltput shaft

of theheotroat, chet drivineg By oweutoepidililcshbewm Savecdloekwi s enaynengage

teetthﬂLUh% 2§t<ﬁ‘1etthgﬂ<ghaet Rh&éﬁz@@tld |tm:1t1|ﬂég')iodlé/¥3§.9 £8iidncrease the
%de }pul S _on arrr% m21

speed ﬁfent pus{ﬁn:e1 O‘T JLnv\iﬁea nglilz e T ETEYh Ioﬁ’gone (fam

The a%vé m%eeeﬁcﬂtgeg hoz @@ oyefer emlmsﬂés Rebbifikd in detail are not .

11m1t:. %raét Itgalsco e ?]ettl%ge:r awgaelnn 1 rel?ragnléiné I ze Berl O | gal l&Xan that wmany

furthﬁéc‘fa&rlééa?nw offtifigrrArE PE té’éﬁvbfr‘teé’&l?’é) T(Sthat foreslt use of

the mOBhilrgkA danehet nbfmal Rafrebeinskéali Soft @pAgeiwdlt fotde to drive a

motorOUt Ut Shafi; of the motor, for driving an out put
appl i catl on. Several pawl s may engage teeth of the
For ekatglwet thndbednmgneti aettrined Wereperi@dbeadd yxtornally toothed

statoEnH@Q§@ &P8 S PRER,Lf dw&l\ﬂe&eﬂe%m@y bk NGY %&'eggaﬁh toothed
The above specificitie

ncy. of 2ny_one
rOtor f&seglvgé ¥ TS ﬁespt?r PR S e’éaequﬁ o S § ﬁiﬁ?g membexr may
have PP ntergat cFatVHéYsltéUpeg ofolvigenih\eeres vrRcaAEn | thenfk Evdye membexr may
have BepdliygpnsEafrdsBatedmpy fairinherewsar baddsORBaRNthat of the fixed

membeE:ﬁnAsI: Ia%%t:illgp%xgﬁ\pié“ %hE ny%til rqanbert Qé?y CIiJIer Scé dt%%re tQ:I‘ead and the

er magnetic normal force instea

driven AWt al ¥ orcelt d" FPFTRETa SHBTRS - T é‘-lﬁs‘%s‘ﬁﬂ}b&r 5t Pe a rack
and thga@piven pémderxedy renberidie@seri bed herein may be an

external ly toothed stator and the _driven nepber
Pairsyg§C19HER Pof ECn Ty B HifexPEFHAPF{ S 66t AT Yot Bpoes of each
otherp| dgefdett ¢ daleanes sust thre afgmpgiotineformeanphwsed he the eccentric
oscilfik¥esh.nenber may

For a fixed member with a cylindrical, internally-toothed cavity and a
cylindrical . externally-toothed driven member, a clutch mechanism may be
provided in which a spring tends to pull the driven member concentrxic with
the fixed member. When the magnetic field is applied, the driven member is

pulled against the fixed member, and the motor operates. When no field is
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have an internal cavity having pol ygonal cross-section
the driven nenber may have a pol ygonal cross-section
whaornge2bewer sides than that of the fixed nmenb&r/USA87/005523

anot her exanple, the fixed nenber may be a screw

thread and the driven nenber a screw. As a further

exanple, the fixed nenber may be a rack and the driven

menber nmay be a pinion. Pairs of notors nay be used

together, oscillating as mrror imges of each other,

in order to balance out the asymetric forces caused

by the eccentric oscillation3oEor a fixed menber wth
appllec;./,lC ?élﬁll ng;(g:;lnl%ag‘xl Bujt L5 %Z%Plac)'i/ l ¥ren: rﬁeo Q%?cc\%ngc\#n% rﬁa)‘rx]vq.tﬁathe fixed member
and ng|NATEN ARVITAAPE TP 2beta¥esvPHEE-i n whi ch a spring
Furth?rr{l]ocrlc% t O l Iba%vqnce%{l céggrreﬁ"n%% er g?l?efgr}]alte;!r.‘hﬁmtgganu{uﬁs this
clutcarm%ﬁnmﬁ@ulﬂsbﬁamsreédt%@a?ﬁﬁe the "qtesdasrdhépducign motor at
high bﬁEdeDterpﬁﬁMiﬁatEﬁw tWhewe nandliad dhé sSnadCappt itd@, ptdent invention

at lo§p£[5é?:q pyt!') lpﬁrotflﬂge q[lg\/legof@.gbefhe‘:gggﬁ[g Rv'oﬁlcwlktg]ugg@ to pull the

er a n
el A=LEDS 08, RGP0 A BAT i i SLECh M ARED g seeses
and bpgmrdedgfeoeedmipgtdsiovnhbearingt edrhmdanemiasnl Evlltg pruse the driven
membeldS€Sl shan OpRIAhethd e iR OfemBSr 4L thBAt Gidc@An I 10kodtact, as in a

regulghgﬂxcﬁtggfgn odeRoP! O 48, %‘Meﬁgr %gne@ﬁd ﬂél&;‘ﬁ;quaoi Abpiiea to

esent 1 nvention at | ow spe rovi

OVercepy . T9%eE SpPPngPSnGEF e P n?o“b%ldi“i’ﬂé “H*F“F’Sgnmm
mechanémelcoemcmﬁﬂlnbcﬁmw|fea¢d oenbeic tand) tdnsting fhx egdtoriyepperate as

in thal£1.0W speatisenansk hakapehdnt of6R 86l known bearing

techni ques applied to cause the driven nenber to spin
As a fittHiew phesiHilaty menigem winchvay heevhehiscabheontiacFiguws 24. The
cam rifig o’ euu&a{plieada@tairpauagutoghaﬂ ol. O¥b EpREdS , sdTRgGNeidietic
windiﬁu%gl a% rﬁge{&ﬁa@.@ ??%/Oglﬁlg\r/rgﬁ C%%I %1'[ % fﬁg neet.flrco rr&sh %re
P““&Bﬁ?‘iaé‘fij W?’I‘F tRe ¢ xgé?& Ao Pr a”ﬁd‘d&ﬁ%%lsh‘(jht’ﬁé“wb‘ﬁ%‘?“tlﬁmg &
windippecatsesashe rdjheedt pgth enbedramiliiedf byt Redpnegentvay from the

solen'omi%}ct 'w@ﬂdlr%s @oﬁ.y&.tglgrre %'&:QEI‘.}} Wunt_aecp @H‘ £111J]gan§yoib%he arms
r-n

ur
asocaff CEr RO HHLeB B AP "°. S8 BB (B0 el ted. the rolier
PuSheﬁaglmatqa@ Wioh #gsh arcd carthrgeditddioal s yragretirect Ae am, creating
a maghkff fVBgaAetht atABur@lei{@asist tenednadiaceBtct aHalethe rollers

push 38! 80IAR Pln :Lﬁdtﬁ‘zg-?' a§U€ﬁh E@thﬂ%gﬂﬁéf&'cgg 1?0 WL O cam ring.
causes the aé acent e re

Vv
stnce S FPORT I GBS Br KR RATH. *RE(T drs Ay gapemice rotation to
the Oruématt gyt noithet edienridhecendsdios fe e ldestadrively dm
positliBRed Qltenni £5510r i 41 B‘SSlE&.UQh]rét:h:aan\ﬁm Fn&jaa'}’é Qdsidd®r ocutside
tne dofil L85, PUSNES e LA LG Fach sol enoid or wi nding

I's magnetized in turn, creating a magnetic field that
As a &mﬂwmawt@a{aaﬁvtahetnhaﬁhfrémpnsmh cbhptidehe f0lddemsmber

compAYSHy AR EQ&@QJHJ hBhdeR LR 85 OURA s hE SorCl LEUBT BOCE:y and a
to turn th ecamrlnag
dr:.ven member comprising magnetically conductive materials, said driven

member being able to move within, said fixed member, wherein magnetic normal
force is induced in said fixed member periodically, whereby said driven
member is periodically moved by magnetic force with respect to said fixed
member, whereby any sort of periodic mot.:ion is produced. The motion may be

oscillatory, reciprocal, or motion of any other shape or form.

In all of the above wherein magnetic normal force has been used to drive a
high frequency oscillation which is converted into low speed, high torque

rotation, the rotor both oscillated and rotated. As a final altexrnative for
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Since the camring is coupled to the output shaft 6 ,

it transmts rotation to the output shaft. The
wa@oelenai2zee or wi ndi ngs 50 nmay alternatively bePCT/US2007/005523

positioned at an angle to the radial direction, and

may be inside or outside the camring, or a

conbi nation thereof. As a further alternative, the

i nvention may conprise a fixed nenber conprising at

| east one magnetic w nding, having an internal cavity

and a driven nmenber conprising magnetically conductive

materi als, said driven nenbersibeing able to nove

this %I/&!\Lrl'onsaé]:g: frb?‘fgl‘.j nmgrcen\é@gfﬁ) ngﬁ%%%h%ﬂé"% ut shaft and

orce i.s |nd in Sald fixed er periodica

may %%}%b‘i}ogy d WdH’iQLéih Oﬁﬁhh]&thg F?éﬁ.dl 5og nglar_yr rth)':\yeam[:'))yl1ate about
the neagnetThds fpimpd ifi¢h thesheotinge sakdgdnensd, neifiger the rotor is on

stand‘élh&rlﬁg&)tlﬂ@é/ whakh @rﬁﬂ@ri@d:ioCthieonaziLcﬁ tﬂé@guﬁﬁ\@ bggﬁngs may
suppoqgt t':l'Pen H@!u be ogmthfegg.grx)@i 1pr O,(B??] sta(:o{'rontl :the mounted on

ot her's lape” or rm e above
ecce“ﬁﬁgﬁé“teiaﬁl’i‘ﬁﬁ ﬁ&fi POF (?échhjsa"&eéﬁ"%édcatjolydr i e &crﬁF@ch statox
bearifigequanty rascitkiatn @nswht iclakg meneerdred thato poettion may be

adgus%asféi Eh%hztthgyﬁr r ehatdQncthe srcgwf b@QLanCLS cll | %Gjustable
alte nat.i v his 1.nventio

nd J
im w0l RS ARl oL LB L Syt T 4n cne
rotora At FREPRF Y Mtk CBF RAAFLIH | REUBZ D8] AbiriRgEhamdtohe(connect ing

" the Ighaimys)nayrdiseitihatteaboatinbheind @has . mabhies ®dyTpki idd6 to provide

a c1d:R€ Rsaripds.+@Lr angenents, since the rotor is on
standard bearings which permt it to rotate, and these

It widanee beadihgsippeycsigegotiat heny Huptdbher @xr@anddi@ndEbi ¥ERpparatus
will \éﬁ§§| comgpgsgste%gélrﬂ@%sb@f r@ﬂigt ﬁﬁreglalg&c%%r&& Q@Q]_Eé QQS the

IIate eccentri aII The eccentric stator
mven%éarrl Pﬁéggﬁa%f B&T RBIEE 0T % WRAIGA S\ BFat e, and
their position may be adjustable In particular, the
eccentric stator bearings may be adjustable in and out
radially,. enabling the stator to be selectively
centered in the rotor (disconnecting the bearings) or
driven agai nst the rotor (connecting the bearings)
Adj usting the bearings in this manner may be used to
provide a clutch for the notor. It will be readily
appreci ated that many further arrangenents of
apparatus will also conprise enbodi ments of this
invention, and the scope of the invention should be
determ ned by the appended clains.C ains 1 . A notor
conprising: at |east one fixed nenber conprising at
| east one magnetic w nding, having an internal cavity;
at |l east one driven nenber inside said fixed nmenber,
conprising magnetically conductive materials; said
driven nenber being able to nove within, said fixed
menber wherein magnetic normal force is-induced in
said fixed nenber
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periodically, whereby said driven nenber is
periodically noved by magnetic force with respect to

wa@ adod/16326e€d nenber, whereby rotary notion i s ppOTUSEA7/005523

2 . The notor of claiml| : said fixed nenber being a
stator wwth a magnetic core and nmagneti c w ndi ngs,
said cavity of said stator being cylindrical; said at

| east one driven nmenber being a cylindrical rotor
having an outer dianmeter significantly smaller than
the inner diameter of said stator, being eccentrically
mounted with respect to said,gstator; said notor
further having: an output shaft concentric with said
stator; transm ssion nmeans for absorbing oscillation

Claimgq transmttlng rotation; wherein said induced

magneti c nornmal force rotates around the circunference
20h o84 d,og,.g,g;_&rng such that a contact patch between said

b ot Bte ke bty LOMALCRa S A BntMiineric winaing,
hegéng |am dBCAMRlr 62E®S; whereby said transm ssion

dreaesstalpserdriviee osdick| atsicle efids dided gtepbenngomprising

x&%ﬁgématlﬂﬁ&:{a@k@?@&&&é@ sd_rot ot orzfuo f' out put

?ﬁgt%’fl"l’?ﬁvf‘%‘g‘]e@e ”fgeélf’ %e %soaf“ V% OF %k‘l?‘]awald at dhfnfrgber

whewein gegrettetihradhfosas ol ssiadered Me?"’é“lﬁ‘y Pé?‘bé‘ember

deOiqaas 108N hersugt aiidedritdrhautbesd bp. pdriodThel Iyptnoved by
gngl:% @o%cmrt@ pesc‘g?e!cq ggasraltieglntédotnerﬁﬁrd §ﬁ@§éﬂy %@ary motion

ornmed into the face of the internal cavity of said
St RFBTUCSS-. The notor of claim 3 wherein the magnetic
regions of said rotor and stator are spatially
BiesrPre offr 8hddhild gear teeth of said rotor andstator
sdiahsihal meabelk mrgngtd Graegh onshcompohsieia chire sind ayeretic
m%lﬁeéd 98l 4ae ho QUG $6:3-SEEQRAC @wmél. The
ot or _of l.aim 5 havi gr%mggr t.han ocn gylcal otor having an
?Fdxjinéfljceﬁég%%sdréﬁ‘a? F YR oReP ayer “of ~géar J
twetrhdigmtgr nekgr i canrtdyi onallgndtydl dhgetireretidngisrngt said
Qtfa&@ﬁ?rgeﬁeajn@; a&&éift&aéelllyay\eﬁﬁted7w1tﬂ' hespettorcobatd aicardr;

wherein sald, w of said fixed nmenber conprise at
‘Bast ~one so e?‘l%l 9%’ The motor of claim2 wherein

YR ERGE PSP S PAEBrSTnPITE ‘at | east two
solrenos i rameang €drr aiciadbhiyg arsgdhthsiandasd dtrgpsmirting rotation;
Jhe- ARt Ml&flngu@éwnlgnemeﬁ&uﬁls abfbdiby e STRFPEES ithed
giﬁ?ﬂmggﬁgés sald stator, such that a contact patch between said
rotor and said stator rotates around the inner circumference of said
stator;

whereby said rotor oscillates and rotates;

whereby said transmission means absorb the oscillation of said rotor and

transmit the rotation of said rotor to said output shaft.

The motor of claim 2:
said rotor and said stator having gear teeth;
said rotor having slightly fewer gear teeth than said statorx;

whereby large torgues can be sustained without slip.

The motor of claim 3 wherein said gear teeth of said stator are formed

into the face of the internal cavity of said stator.

The motor of claim 3 wherein the magnetic regions of said rotor and

stator are spatially distinct from said gear teeth of said rotor and
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11.

and said fixed nmenber has a cylindrical cavity,-
wherein said i nduced magnetic normal force rotates in

wo a7i1e264 | ons around the circunference of sai BCHUS1007T/005523

such that two contact patches between said flexible
spline rotor and said stator, 180 degrees apart,
rotate around the inner circunference of said stator;
whereby rotation is transmtted to an output shaft.

10. The notor of claim9 wherein said flexible spline
has external gear teeth and cylindrical cavity of said
driven nenber has internal gear teeth. 11. The notor

g at%l agmﬁl— t\ﬁggr§élﬂh ﬁlgégetfll Xedglrcr)%gb%ec!mpirlag St g% ][a er and said

aving a 1 ndrical Tnternal cavi sai ast
8T &FFVérF"r‘FBﬁb%‘? 3 SPET¥ pPYfet gears made from
magnetic materials; wherein said planet gears engage a
B mgea¥ oméenm r3 élar’fnyg rregat Bdnopns diagesteft grgnetic regions
wetorl Rosdaitthah Ndey Nabe£ @t t¥adfesthd Shat fgne$@kOregions and said

\A%]ﬂn%taegk?%elggt Qz.rxsénggg %ﬁlaQtéc’ynatgeil&f have gear teet h;

ereby said Stator,” sald rotors said sun gear

errpnlrotgg & clgnﬂqt ary _gear sggt en. . wherei n said |Qdu%ebd
ARgRErre Hornart forc ?’o’f S5PES 'TRIAPIT fasTRhdixed member comprise
Péclﬁtaﬁén?necélollew&wdl ng to the nunber of planet gear
rotors, around the circunference of said stator, such
rhatvogor orft @dhipad chebetveand sdindisdatedr sanll seachr S@dinfrise at

@é@sﬁ:et:wgesﬁfle‘hgi@i J&Eﬁé&f’ r@&%’ﬂ.@ L%ﬂdﬂgg{d stator.
ci rcunference of said stator; vvhereby rotation is

V\#@Qﬂ%%%‘:@g&glﬁq,d ng{]elhg%%lc}%rlv Il mem%)or Of hﬂa{-jcmb%e spllne

erein said rotor is a ow, externa o6t
85 iSRdSr EHeRS) REFRETe PRF mirve andricad e‘faﬁ’a}lth’y t oot hed
eaenetip, sadvhtindgced mapngtigearimdlavbnge: antatdéPuh gearocations

Qﬂﬂﬁﬁnt:ﬁé Qﬁ.lrlcﬁmm‘égdo@@atJ.BesthéEPUtsxﬁrﬁaEﬂatcQlalgegcgr[tla%t patches
twrgaesal ddst teQrMel gs de sat ﬁﬁ% gear rotor;
‘i Gt §&ar “having & out &° T &Mt 815 a8t At |1§PI‘§Fgrees apart,
§‘Pr‘ﬁ|qeeﬁr‘?‘rf‘§n thp elf}nmafeFl’éFan‘ﬁEF%qceon swiid statprgear

widiby satatiout puttrgeani hednge ext etfiald yhioot hed;
whereby said ring gear rotor transmts rotation but

fed Re6k é@tdlgmmtQﬁ@kglrpléta@&'thQQQEle %?)11ngh%sn9£19{rngﬁ gear
ecou g ng sai d rotor
g%%cheﬁflg dcylm%ll <Hi s%a‘f o? sa’&ﬂw@?éﬁ?‘ g5 F']ge’éthﬁlso’rmi?nal geax

Getdupl ed from said output shaft, whereby said

The motor of claim 1 wherein said fixed member is a stator having a
cylindrical internal cavity and said at least one driven member is/are
planet gears made from magnetic materials;

wherein said planet gears engage a sun gear concentrically mounted on
said stator;

wherein said internal cavity of said stator, said planet gear rotors and
said sun gear have gear teeth;

whereby said stator, said rotors and said sun gear comprise a planetary
gear system; .

wherein said induced magnetic normal force rotates in at least one
location, corresponding to the number of planet gear rotors, around the
circumference of said stator, such that a contact patch between said

stator and each said planet gear rotor rotates around the inner

circumference of said stator;

whereby rotation is transmitted to said sun gear.
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12.

13.

14.

15.

not or can operate in magnetic normal force node for
| ow speed/ hi gh torque operation and ot her nodes for

whe@h/1e2eed operation. 14. The notor of clai mPRCTrasingo05523

a small, externally toothed gear non-rotationally,
concentrically nmounted on said rotor,- an internally
t oot hed out put gear, concentrically nounted on said
out put shaft, concentric with said stator, whereby
oscillation of said rotor is absorbed and rotation of
said rotor is transmtted to said output shaft. 15
The notor of claim1l : said alk-least one fixed nenber

@1@4 RGebd dentd Czak,héiéltn% 1a %%%QIV!S h & e&tcer%%wy toothed

n]I C Wn sald cavit sali t at
BBl By TGP R L83 10t at D BLPh FoBbETE oAt chat 1s, 2
singswamti al ly parallel and concentric; said at |east
@mn@r aﬂefmtgﬁﬁ’aﬁarbebﬁ@rit\é@calci@n&b&adedcxﬁltrifi-f b& uc shaft
AQGENAY00 QUL GLANELEl S SLL LLCant Ly, SRl e

the i nner-di anst er ‘of "85 d &t at"dre, eacﬁ 2T ng
F%‘cdaf’léapﬁgﬁaé *tﬁYéngt%‘t SutaR ligre et rsuéa‘Far%Flﬁﬂa%twller than the
wrdy deégpeet ¢ d4aid simt grarnrarbikech it is | ocated;

sald ouBbhey gEHftkt@l.&lgh@}Yﬁélglalﬁp QUL R ; Shaft Concentrl c
V\pletll;b a| d tatorsar herein sai d i nduced

normal Tor cél?%tgat &sTArBuUnE TS B&i 12 tl?ﬁf%? n8‘f FLipLation to
£ 9 c8FRItYoPea%uch that a contact patch, one between

each said rotor and said stator, rotates around the

Frhevtef rduriieieice of each said stator, such that

BatithgC M AGH i Pa Qs ﬁﬁﬁiligoséh%gEé%E% @Hﬁcéﬁtﬂaaaﬁfﬁh said stator;
ﬁg%\q/{eﬁpys%? gﬁ%gérlgal | gc?c!ulg e rg‘:ﬁ?sarué) g%g? flégla‘pg,r whereby said
%tr?d‘eﬁ?? iRy n’ﬁhﬁ‘f‘%‘&et&ﬁ §‘&’F‘%Ploﬁ?{ﬂﬁ mefiafior pev edpeet/high
seiueoPReRtibe arid btsal thogtatmirShidtetspeed Girdtion.

stators; a snmall, externally toothed gear

N motadt io@nal i 2055@&@ rically nounted on each said

LohRRs  PQS Qpﬁpl at_each s ar engages .

sal dlcl)uteg%tekgear 2 er eéb 05 AT AL T oﬁm&?ﬁ%{l 80’?‘6%83’1@“3’
BHESFHeF Fyt A F Bt put gears and rotation of said
potigtsrist lyr aostiecdt edediut gans, &Bﬁ&éntg:&aﬁsl}f @otat&l on saia output

oAyt cshahti WRBREDY. fOLEES: N said notor are
Q&r@gced ]_LgatThe tor. of claiml1 wherein;

osci ion o sald rotor 1s absorbed and rotation of said rotoxr

is transmitted to said output shaft.

The motor of claim 1:

said at least one fixed member being two identical stators, each with a
magnetic core and magnetic windings, said cavity of said stators being
cylindrical, said stators being positioned substantially parallel and
concentric;

said at least one driven member being two identical cylindrical rotors
having outer diameters significantly smaller than the inner diameter of
said stators, each being located inside one stator and eccentrically
mounted with respect to the stator in which it is located;

said motor further having:

an output shaft concentric with said stators:;

wherein said induced magnetic normal force rotates around the
circumference of each said stator, such that a contact patch, one
between each said rotor and said stator, rotates around the inner

circumference of each said stator, such that said contact patches are

180 degrees out of phase;
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16.

17.

said fixed nmenber is a solenoid; said driven nenber is
an armable to fit inside said solenoid; further

whawirnge266 a pawl pivotally connected to a firspPCENS2007/005523

said arm a ratchet having teeth, concentrically
nount ed on said output shaft; a spring connected to a
second end of said arm wherein said paw engages the
teeth of said ratchet; wherein magnetic nornmal force
is periodically induced in said solenoid, whereby said
armis periodically pul l ed towards and inside said
solen0| when said force is-hBeing i nduced, and pulled
J S i s not being
\évﬁggdsa%%g?g y ggﬁ: %g\?vl %ésjglt)? tglet es and turns said
?%ﬁﬁ?ﬁ%thaWﬂﬁéreby rotation is transmtted to said
outiptershidit todthed fowptugr geonprepssangriatlllyeastnioeon said output

fl2¢ed mgelc&moebﬁwgrat: W BASEa @ ARGt becdilisBga stators;

havi an internal s at | east one driven
Fead e IR el Yenl men B SRR b Bl e by

BAREAE L PV SRRt %?%daF%m%aPesbtrHOVéﬁ %Pé’ﬁ*b'é?aboélaﬁﬁ %’b”llé gear engages
soiie owtpd weasai d fi xed nmenber wherein magnetic nornal

Mgr%s | SsdinduUEsy, LR &ddr&&eq %9_3% @qh&aéd%ut gears and

riven per.i odi cal

RAert F GPER T ER® T PEEToT OB FrARCATRpErSEe to saia
S@Ebshaferi odi ¢ notion is produced.

whereby forces in said motor are balanced.

The motor of claim 1 wherein:

sald fixed member is a solenoid;

sald driven member is an arm able to fit inside said solenoid;

further having:

a pawl pivotally connected to a first end of said arm;

a ratchet having teeth, concentrically mounted on said output shaft;

a spring connected to a second end of said arm;

wherein said pawl engages the teeth of said ratchet;

wherein magnetic normal force is periodically induced in said solenoid,
whereby said arm is periodically pulled towards and inside said solenoid
when said force is being induced, and pulled towards said spring when
said force is not being induced,

whereby said pawl oscillates and turns said ratchet, whereby rotation is

transmitted to sald output shaft.

A motor comprising:
at least one fixed member comprising at least one magnetic winding,
having an internal cavity;
at least one driven member inside said fixed member, comprising
magnetically conductive materials;
said driven member being able to move within, said fixed member
wherein magnetic normal force is induced in said fixed member
periodically, whereby said driven member is periodically moved by
magnetic force with respect to said fixed member, whereby periodic

motion is produced.



