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Pat ent Application having serial nunber 11200920 fil ed
on August 9, 2005. Field of the Present D sclosure [2]
This disclosure relates generally to electric notors
and el ectric generators and nore particularly to such
rotating el ectromagneti c machi nes havi ng nonopol e
fields. Descri pti MonopolREickitTHebidy MofosGemiatof ol | owi ng
art defines the present state of the field of the
appar atus descri bed and cl ai med herein: [4] Tu et al,
US 2004/ 0135452, discloses a flat rotary electric
generator that includes at |east one toroidal coi
structure for cutting magnetic lines to induce a
current and at |east one dipgwkghaaed nagnetic pol e
structure oriented parallel to the helical coi
structure. If multiple toroidal coil structures and

di sc- shaped magnetic coi are included, the
toroi dal coil structureékgﬂﬁjgpgg%gﬁgped magneti c coi
st fijct uTlgs applieatinrdaige thtérmatimhal erinatyi frgn apnerdiled Wibe Utility Patent

toroidal. coil structfure an hsfrSshaped ma hE pole
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When either the toroidal coil structures or the at

| east one di sc-shaped., tic pole structure is

rotated by an exter ngﬁlgﬁ%?g‘@})retsg‘gh@ BPMFal coi

structure cuts the magnetic |ines passing

theret hroughto generate an induced current. Neal, US

20021/ 01858 atclogirs aplaise generably ip sldctrip wptorst apdopleciic generators and
seg ik dal; it HacRnStALA le fields.
assg? gpﬁgggmig%ggﬂg%%hﬁ%tor@ﬁ%%%g pﬁg grreg & monopole fields
enbodi ment, a plurality of nagnetic fields is created

when el ectrical current is con rough wire

wound around pol es on pﬁ%“?%?ﬁgﬁépggﬁ%g. A nmonolithic

body of phase change nmaterial substantially

enfﬁps qu‘}?et t%?lovtvﬂl% art defines the present state of the field of the apparatus described

and claimed herein:

[4] Tu et al, US 2004/0135452, discloses a flat rotary electric generator that includes
at least one toroidal coil structure for cutting magnetic lines to induce a current and at
least one disc-shaped magnetic pole structure oriented parallel to the helical coil
structure. If multiple toroidal coil structures and disc-shaped magnetic coil structures
are included, the toroidal coil structures and disc-shaped magnetic coil structures are
arranged in alternating manner. The toroidal coil structure and disc-shaped magnetic
pole structure are not provided with a permeable material. When either the toroidal
coil structures or the at least one disc-shaped magnetic pole structure is rotated by an

external force, the toroidal coil structure cuts the magnetic lines passing therethrough



conductors and holds the stator arc segnents in
contact with each other in the toroidal core. Hard

waolkec/odrsives using the nmotor, and net hods of  PCT/US2006/006326
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position whereupon it is magnetically lTatched in th
posi taspmmetuistlyemounysl, 533 tg3Ere dliasentas ene gidg emdmﬁ@rmed by a non-

magnetic void on the other side. The stator pole piece has asymmetric flux
conductivity and in one embodiment is axially thicker than the remaining portion of
the pole piece. An abutment prevents the rotor from swinging to the neutral position
(where the rotor magnets are axially aligned with the higher conductivity portion of
the pole piece). Thus, the rotor is magnetically latched in one of two positions being
drawn towards the neutral position. Energization of the coil with an opposite polarity
current causes the rotor to rotate towards its opposite latching position whereupon it
is magnetically latched in that position. Mohler, US 5337030, discloses a permanent
magnet brushless torque actuator that is comprised of an electromagnetic core
capable of generating an elongated toroidally shaped magnet flux field when

energized. Outside the generally cylindrical coil is an outer housing with upper and



magnet brushl ess torque actuator that is conprised of

an el ectromagneti c core capabl e of generating an
webangatsed toroi dally shaped magnet flux fi el dreh®82006/006326

energi zed. Qutside the generally cylindrical coil is

an outer housing with upper andl ower end plates at

each end. Mounted to the end pl ates and extendi ng
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P di sposoeogcpgdj ga?lgﬁ%ﬁ@% ontt he Serhflﬁ({pgﬁ e?%%eﬁg r ot or asrg Gine or more
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rotor o%%e% r Erlla %ﬁsn %upgegeorp (H %otgr a%e c%rﬁled near the poles of the

el ectroma nets. 'S sup
el ecterlmraglagieﬁs [Burrantdisi suﬁpltadrtouhé elentr@nngnetdeiyez{ @rimedircuit in a
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in predetermined angular positions. The drive circuit includes a photosensitive device
which produces a signal whose value varies according to whether the device is
25 receiving light reflected from the reflective material. The signal is amplified to
produce drive current for the electromagnets. Westley, 4623809, discloses a stepper
motor housing a pole structure in which a pair of identical stator plates, each having a
plurality of poles, are positioned back to back with the poles projecting in opposite
directions, the stator plates being positioned between a pair of substantially identical
30 stator cups, each stator cup having a plurality of poles projecting inwardly from a
back wall with a peripheral side wall terminating in an outwardly extending flange. A

major surface of each flange is in contact with a face on one of the stator plates so as



i n predeterm ned angul ar positions. The drive circuit
i ncl udes a photosensitive device which produces a

waeegnabkizmose val ue varies accordi ng to whet hepCT/I82006/006326

device is receiving light reflected fromthe

reflective material. The signal is anplified to

produce drive current for the el ectromagnets. Veéstley,
4623809550k S ! EPRGEnHDT ho
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i ncl udes thesdeyjce |1se<33§fatqglr?@ agaresaier B‘d?f@“%%}’éfemo(%?r@fgél@e device as
sWith N
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th the stator to draw off current when the device is
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magnet and having a portion extending radlally therefrom to define in its preferred

form a pair of virtual pole chambers of the same polarity as the other face. A toroid
stator is mounted on the housing and has windings thereon. The stator is positioned
annularly around the disc magnets such that the virtual pole chambers of the first and
second pole shoes surround portions of said windings with circumferentially
alternating fields of alternating polarity. Means for electrical contact with the stator
draw off current when the device is operated as a generator, or provide current to

operate the device as a motor.



as a notor or as a generator that has a housing,

i ncl udi ng bearing neans to support a rotatable shaft.
waé@aioe13eé di sc magnets are poled to have oppoBCT/@S2006/006326
polarity on the two faces of each. The magnets are
mount ed face to face together on the shaft to define a
rotor. The device includes at | east one first pole
sh in :
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Spref F¥edWF it 39igHY proyprd Gk afedpire AMAGBEPLIdH corgeand with
sane Rahaehi Magwt bigheatsh@ih Nagand -4 adj@detcst AbREver Sthe prior art
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abst TS HUBERPHBES sﬁ%&»@l‘é%ﬁ@ lovieg YRy
el ectromagnet machi nes; in both notor and generator
forms. Thus, the prior art shows in Neal, a toroida
core with radial arc segnentsé}mﬁllw Fawzy, we see a N-N
sand S-S pole face adjacency, in Tu et al, a NS and
S-N pol e adjacency with radial coil mﬁndings, i n Rose,
we [T]i ndThladlsa]olsqte vaachred catiil benefits srecrmsinetion pxlusd veéhich give rise to
tor0|ﬂ q er mmnent magnet segnments with
N-N a 30@5 VQSfQ%gﬁé& wever, the prior art fails to
teach a rotating el ectromagneti c nmachi ne that provides

el ectromagnetic fields i mersed in nonopol e ﬁérnanent
madtlet i Btdnsosleginmsenstic mppmiust hass? sGitors g # rftator frame

20t he phEsemte FRRR %Eéé%d ab&l, dTJ&%hﬁfe@%%ﬂﬁan@ﬁt%b@l%ﬂge@s Each of the
dlstlngU|shes over ?rlor art providing heretofore
magnet sets is formed as plural, spaced apart, co-planar magnet segments. The
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segments are arranged with permanent magnet poles of opposite polarity in an
alternating sequence. A rotor provides a magnetically permeable rotating rotor frame
mounted on an axle and supported by the stator frame. The rotor frame provides a
25 plurality of radially oriented, toroidally wound coils. Like poles of the magnet sets
are set in opposing, face-to-face positions with the rotor between them. A current
supplying commutator engages the rotor such that each of the coils provides
electromagnet poles positioned alternately for attraction and repulsion of the
electromagnet poles with respect to the permanent magnet poles thereby causing rotor

30 rotation.



unknown advant ages as described in the follow ng

sunmmary. Sunmary [7] This disclosure teaches certain
wdeosfdrtso i n constructi on and use whi ch give rPSEUSING6/006326

t he objectives described below. [8] A rotating

el ectromagneti c apparatus has a stator including a

stator frame supporting parallel spaced apart,
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magnes teprgvidnidyantdges nsiggughhbsthapgorart anged wit h

per manent magnet pol es of opposite polarity in an

alternating sequence. A rotor provides a magnetically

pefigabheaothet dbjedctige ik @ frovite anEedmmaledic 6dtating machite &l superior

support ed lf .the stator fr . The rotor frane

>pr ovita"élge%f’%1"8?%%“?’?‘“8’?31% Bfty oriented, toroidally

wound coils. Like poles of the magnet sets are set in

opposi ng, face-to-face positions with the rotor

betlde n%tfwéhﬁr opjeetiveisfatprasigssuch neachinerhsefat ranslrghiigaeotor.

the rotor such that each of the coils provides

el ectromagnet pol es positioned alternately for

at {14 ct Adnrtmdbjedpalisiopnovide subtea mhehinerusefabsen efpotrisgenerator.
1Owith respect to the pernmanent magnet poles thereby

causing rotor rotation.[9] A primary objective

I nfiEient fufthérivbjeativevie tel eseideBach ampelriat that iaable n@bboperated as a

of uslg is to gvi,de advant ages not taught by the

prior ng?‘SZ[“I‘g(; MGt her objective is to provide an

el ectromagnetic rotating machine with superior torque

relative to conventional machines. [11] A further

objlkdt i Yestillsfurthermbipgtivieissa drovidensieh iarieachime ftiaat inyselH as a power
iselectyhgegptor. [12] A further objective is to provide

such a machi ne useful as an electric generator. [13] A

further objective is to provide such a nachine that is

abl.g..t o he rated as a DC or as gn AC device,. 4 .
SR ORER BRERG B P lned 1 e PouRe St SRt o v
t hat HYeSomis efpatentiford tOMEOWing more detailed description, taken in conjunction

with the accompanying drawings, which illustrate, by way of example, the principles

20 of the presently described apparatus and method of its use.
Brief Description of the Drawings

[16] The accompanying drawings illustrate at least one of the best mode embodiments

25 of the present apparatus and method of it use. In such drawings:

[17] Figure 1 is an elevational view of a rotor of the apparatus showing a commutator

and brushes;

30 [18] Figure 2 is a vertical cross-sectional view thereof taken along line 2-2 in Fig. 1;



converter. [15] Orher features and advantages of the
descri bed apparatus and nethod of use will becone

wap@anersto from the foll owi ng nore detail ed deseCT/pB2006/006326
taken in conjunction with the acconpanyi ng draw ngs,
which illustrate, by way of exanple, the principles of
the presently descri bed apparatus and nethod of its
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nmet hod of it use. In such drawings: [17] Figure 1 is

an el evational view of a rotor of the apparatus

s haoi NgFigure ANBY faiispctiPdeled thesddE SonckAtBdllyFsh@Wing tie dtforas rings of
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t hereof conceptually showi ng the stator as two pair of

sem circul ar magnet sets, with the rotor positioned _
metildl | Kigup20F apeigpacvevipw thergod ceqsepiballyshoving thendsteioss rings of
conc I P Lhngs of four
nagn%%ghg@taé*t \?\ﬁ!?stgwlt?gléett?g)tr ggr’&éoglé? ?‘?(g?}ltlle}g medi al ly; [21]
Figure 5 is a perspective view thereof conceptually
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per speelve Maghet ests, igrieobto posieped aleliilzghowi ng t he
stator as rings of twelve magnet sets, with the rotor
positioned nedially; [23] Figure 7 is a perspective

1t hele@iel is D Bk RBtiveQRSY thefebf MBwRcBhduSc@in deBffls of the rotor;
rotor; [24] Figure 8 is a cross-sectional viewthereof
showi ng the commut ator and brushes of the apparatus;

[2 Fi : < . . .
5L RS Sk B B ARGy s o
an elticapphedls; schemat i ¢ di agram t hereof configured for
DC operation with high torque and noderate speed;

[25] Figure 9 is a side elevational view thereof showing the commutator and brushes;

20 [26] Figure 10 is an electrical schematic diagram thereof configured for DC operation

with high torque and moderate speed;

[27] Figure 11 is an electrical schematic diagram thereof configured for DC operation

with high speed and high torque;

25
[28] Figure 12 is an electrical schematic diagram thereof configured for AC operation;
[29] Figure 13 is an electrical schematic diagram thereof configured for DC operation
with low current and high speed; and
30

[30] Figure 14 is an electrical schematic diagram thereof configured for AC operation

with high voltage.



[27] Figure 11 is an electrical schematic diagram
t hereof configured for DC operation with high speed

wapah7hegho t or que; [28] Figure 12 is an el ectrieel/Us2006/006326
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schemati c di agram t hereof configured for AC operation;
[29] Figure 13 is an electrical schematic diagram

t hereof configured for DC operation with | ow current
and high speed; and [30] Figure 14 is an electrica
schemati ¢ di agram t hereof configured for AC operation
wi th high vol t age. Det ai | BetailbdS®sdriptionn [ 31] The above
described drawing figures illustrate the descri bed
apparatus and its nethod of use in at |east one of its
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Pl Pl ART8 SRR P SLAEN g .5 e
depi ahdgnet fodasy assehpevn dlyehgp et B8 for codth guleantd GNS faf ndrthepole, of

magnet sets. A rotor provides netical |l y. per neabl

F ot attPRGFIE GRBIINY e iOHGE S EHRISEIRR, SCatRcE 87 i gD 1n Fis. 3-6
Wi t h,depiBtimpdotr skfdkatetpbssiblé SonSigip@Ink @€the Yndgh® s&tb.ahQbtor provides a
frame 152 as shown in Fi 2. Rotor frane 140 incl udes

. L g. .
cent rzasneicaliy permenble reipRiig: rotps framp 4R myinted |og. qugqrotafing with, an

20 T Ot Ol el @Ry HlAG:s supported by the stator frame 152 as shown in Fig. 2. Rotor frame

25

30

140 includes central structural element 156 fixed to axle 144. The rotor frame 140
provides a plurality of radially oriented, toroidally wound coils 148 as shown in Figs.
1, 2 and 10. Like poles of the magnet segments 146 are in opposing, face-to-face
positions with the rotor positioned therebetween. A current supplying commutator
158 engages the rotor such that each of the coils 148 provide, on each side of its
plane, an electromagnet active monopole 168 as shown in Fig. 1, which are
positioned for attraction or repulsion of the adjacent permanent magnet poles in a
manner causing rotation of the rotor. The permanent magnets induce magnetic
monopole fields in the ferromagnetic core. Axle 144 rotates within a bearing in
frame 152 and the frame 152 includes structural elements 150 for supporting the

stator.



provides a plurality of radially oriented, toroidally
wound coils 148 as shown in Figs. 1, 2 and 10. Like
w@obem2iio t he magnet segnents 146 are in OoppoSPODUS2006/006326
face-to-face positions with the rotor positioned

t her ebet ween. A current supplying conmutator 158

engages the rotor such that each of the coils 148

ggﬁ:@\; The magr}%? &f%xggtg 1% ﬁ{gt %o *lg]r?ﬁr%etwo se%m% \Aﬁﬁ I, s%g%gﬂs as shown in
posi tmgrﬁadoxfreegmmsnaqnadmum asrseapwhm Big. 4fcightsegntinac &ndhown in

per oles i.n a causi ng rotation.of
Phe T VaRE SoRuleisn & H1ONR IR A1% & AULER CIYAGHIB 3% UmbST of such
mnoe@gﬁeﬁtg @is:l SThesekMentk @46 HIRGIGEH ©n@NCcE 14728 dAfrromagnetic
rotates within a bearing in frane 152 and the frane

5152 i hEpide YVhen mpse tham FWesegmenit are psel thsCoRmyEi s plgp segmented
t he Sécecsla{ngiﬁiﬂl tHNBIRE g%@scﬁﬁfw %Sshéiﬂ@lsaﬁyﬂfeqaspﬁgﬁ&on shown

two sem circul ar segnents as shown i1 n Fig.
segneinti&gi B, quattm dasiagrigpipalh of rheiptpsend, apeargﬁus and theory of
zﬁgvnﬁ qnte?a'h&r? 3pp§£gs\/\@eﬂ f IHgg 4- 65 ancI Xe%% g Vi vi?eefl%%%q ?.r egﬁoé)ﬁlment of the
segnentsntlrdfiting toeoide gmelmhs aslxﬂcﬁllmbeeabrmuomeedalmd i @e of skill in the
142 made of ferromagnetic material. Wen nore than two

10 segneﬁ?s are used, the commutator is al so segnented
accordingly. In t he fol l owi ng description, we shall
di scuss the configuration shown in Fig. 3, however,
t hé34asThe prtomiEammi4) ey bpaage up eh ﬂayaqé o4 ferruaaggte sheet material

theorg,qf V\&Qﬁ{ 1ﬁtl:'1ég1 'TI @ﬂgllgr lZesl%?ggﬁdhﬂﬁ@sﬁﬂeﬁﬁ ferﬁfeﬁ:art%@ Ghown in Fig.

apply as nment of the present
r ot at7 michaliviinkéds hystetesine Elestrigaludoddimtorsifit thetfornpef insulated wires
enabled b n

I5¢ F amme ?I.XVB coﬂrsmgé lv&llthm 1fa leslc‘;J}r t130 ¥0§41:d 1nhtﬁe ro%rofrrame 140 (Fig.

ayers o erromagne
sheet7)methesel cimlils 1@81a1@8n1ﬁﬂ30ﬁﬂ&ctbdh aézst@wn]in Fay. 10ti. emiﬂd dfehdicoﬂs 148
nmonol it hi.c S|ntered ferrite part as

ol ST PR Ffads bR neidsticall Sised a5 gt 2o 1p gt one end

the farrime &ilsi1ASUIras 6HeMeniRF catht RIS 108 B BRhdcRed 148 wiper 158
within radial slots 130 forned in the rotor frane 140

(Fi g.whivh slifggemcquynytaton k¥ agbest shaveyia Fighdct ed as shown
wolnN Fig. 10, i.e., all of the coils 148

[35] In Fig. 8 we see that the wipers 158 are preferably set at an angle to the axis of
axel 144 to obtain improved contact surface area with commutators 159, which are
spring loaded for continuous contact with the wipers 158. In Fig. 9 we see that the
wipers 158 are set very close together, but it is noted that they do not touch each

25 other.

[36] In operation, the apparatus is set into rotational motion, the rotor rotating between
and in close adjacency on both of its sides to the stator. Referring now to Fig. 10, it
is seen that, in the preferred embodiment of the current apparatus, a pair of permanent

30 magnet north poles N of semicircular segment 146 configuration are in close

proximity to one half of the coils 148 at each instant, while a pair of permanent

magnet south pole S semicircular segments 146 are in close proximity to the other



are wired so as to have an electrically common point

183 in Figs. 2 and 10 at one end of the coils 148. The
wobtden2snd of each of the coils 148 i s connectPOI/US2086/006326

wi per 158 which slides on comutator 159 as best shown

in Fig. 8 [35] In Fig. 8 we see that the w pers 158

are preferably set at an angle to the axis of axel 144

to obtal o jLnp c 1 SUL '

cormup & LG s CAEEbICHAREREEER HE N pole magaets are

cont ipolwided bpruaait flowt thraugh thd pensuthmB. 159 no pr@lucd maegnetic field

see that the wipers.158 are set v c| ose .toget her.,

but e eh FeHE i Pl TG+ I8 e Binkr inportant 10

[ 36] rbdbgpiReiad: it ferfbRegRAP 2613 bsdyl B10SHkt is hdantaneously positioned

rotational notion, the rotor rotating between and in

5l osdehrfendenbypolnpeppnenbmages segmeats 14§ i fslueqdaasgy south pole S.

Ref ergacRgr ﬁ]lQWoitISOMEingoun?eQ in te rbiSr %ﬁ?ﬁﬂ) Bt arelalBo bB®&een the N pole

preferred enbodi nent of the curr apparatus, a pair

of perermanent megngiregmensy 149 Ipue @ surrgndsenseprodycing A magnetic field that

segne at i.on € AaN;.C 0 . -

ona TS G KM GRh o1d0Re b3 B ok fore in the

pai r difectier o neaionnagndic desuatiptiopoinethS isempanted (Rravisional Patent

segnmepnts. 146 are in_close proxim.ty ta .the otherhalf .
1001 Ot PRI Sgoeorah 55 ar e e dipo e ST R HE CRS gffeet with

pol e JdpedR! solaiies Pedudy fof @bsb Yol 14t hleBotwdeh ALY goltemagnet

commut at or 159 to produce magnetic field alignnments

t hat &8¢0t 140 rotational forces. To understand this,

it is inportant to recogni ze that the ferronmagnetic

rotor body 140 that is instantaneously positioned

bet{3@enGetrzally, Pl neesorirapparais inagidingsiegiremagnetid @apkine having a

i nduc as;a, south pole S FE I e
' rouncg et R et oy BB B0t ihddE o within

t he Nnfedbesppey. nA farimagaeivatbrosdad reat Hd§ 460 havvan euter circumference

at 11 oD 0 el BTG ORe DRy TROVE & BeofuLRe g 110 abo inludes

el ecttivorophbsigy §ied ®allN14ore whe REdr KAy Q40 PinBhdred, in $@Epermanent
the description in the incorporated Provisional Patent

App! iBaEPdhiicld aphigerebiohas Arugedsipio; ih @ grpnppeje mggnetic field of opposite

20Li kewioseiry t g Ie%ﬁr@xefatrfdepﬁéfeﬁ%f%/rh ABRES dreuRGhtabirhihg Slectrical coils
occurs for those colls 148 that are between the pol e
magnel48 are wound around the rotor body within radially directed slots 130 on both of the

side walls 140’ of the rotor body 140. The electrical coils 148 produce a
electromagnetic field directed along a sense of rotation of the rotor body within the

stator thereby producing an electromotive force.

25
[38] Assuming electron current flow from the positive terminal (+) to the negative
terminal (-), the flow is therefore through all of the coils 148 associated with the
permanent S pole first, and then through all of the coils 148 associated with the
permanent N pole. As coils 148 transfer across the gap between the positive and
30 negative commutator (brushes) 159 current flow reverses and then so does the force

exerted on the coils 148, and since the permanent magnetic field also reverses its

polarity at the same time, the rotor develops a constant rotational force. It is the fact

10



segnents 146. [37] Cenerally, the present apparatus is
a rotating el ectromagneti c machi ne having a stator

wohich2piovi des at | east one pernmanent nonopol BCT/US2006/006326

magnetic field within its interior space. A

ferromagnetic toroidal rotor body 140 has an outer

circunference 140', and inner circunference 140" as

showg, EheFdo A 148 fi {H‘ﬁxeﬁl@éﬂ%s MQIC@E@Q/I’EIHB%' gﬁ?ofev\@e either a N pole

opposI ng SI . The rotor

i e fiskidori anStph@ fedd.rtbatahgy desiejpeen eleﬁﬁr@malva rferce lignidiggntly larger

has i,nduce t etic field of

oppogflle eﬁp%ﬁﬂw% ?ecl[r&:&fl&l eas?am%gl and preferably a

plurality of current carrylng electrical coils 148 are

the r ot or, thin radia

o bR S Shoipaes oShed 2ot e et Baperdyp S b prioran

bOdy ot 4&ordTBel kashdidsal criRbl © tﬂlé%p@ﬁtﬁdlu@f@utdeast one aspect of the

el ectromagnetic field directed al ong a sense

r ot atapmatéff apchéss rptend pbsp #idt NI the taﬁlé‘e‘éefr%?f‘b pf fkﬁ’e?’l@B?/ described
Pr odyg|eBgyedn Thi %f(fs ng&f ih ¥ifls gﬂéﬁl‘fi@a’cmﬁﬁ@heg&ﬁ% 'i}g;tant embodiments
el ectron current flow fromthe positive term nal (+)

to the nwé@amdvretopé nei ondy in(thg sengehef thein eprpmgonly defgfed meeanings, but
thro t

per ng% ihe dgbg ecgfdecf% t!oﬁ %1?5 sﬁéﬁﬁ%ﬁ%%ﬁﬁ%&ﬁn&t al or acts beyond
coi | shel#8pastihe canmdnlyidefinet meeapingsrahenit ahl efpoleat caAsbe understood
coils 148 transfer across the bet ween t he posi thye.

and HRgE oL RrC B} HonaLy g Be it 2 mpiitg thet its use

reverses beNthdtRRBd S0 HeeSchfie f0RIE PosaE ndn@Ps blorted by the
coils 148, and since the permanent nagnetlc freld al so

r eversgesifiatien gnsl byrthe yorstor wRils daserbing fhe elamest.r ot or

;sdevel ops a constant rotational force. It is the

20

25

30

factthat the coils 148 find thensel ves i mmersed within

a h‘i@hopﬂheedeﬁmte)n§ Oéthervmfdsaorrdlwhe efementy degeribedshqsein @re meant to
field e

Si gmn?cihé(genrﬁcit on trhg C I?I[Ibﬁlgtl éelfgﬁ% t§|) \% cgl ecﬁl%gaqn}g set {orth but all
r ot ateqmgalmdmwmg mfafeeihl oThaets efmalbﬁrfealmmgsubmualil)b‘éld same function
det ai.l ove cons .nove t he

o i AR e S e P SR lan B ep ety T gqpe e
of athdreBft coafttphtdietit MleqhinGeRpRBRAKEE 0Bl b SofEdldiRshs may

of use and to the achi evenent of the above described
be made for any one of the elements described and its various embodiments or that a

single element may be substituted for two or more elements in a claim.

[41] Changes from the claimed subject matter as viewed by a person with ordinary
skill in the art, now known or later devised, are expressly contemplated as being
equivalents within the scope intended and its various embodiments. Therefore,
obvious substitutions now or later known to one with ordinary skill in the art are
defined to be within the scope of the defined elements. This disclosure is thus meant
to be understood to include what is specifically illustrated and described above, what
is conceptually equivalent, what can be obviously substituted, and also what

incorporates the essential ideas.

11



objectives. The words used in this specification to

descri be the instant enbodi nents are to be understood
waooet7onisgo i n the sense of their conmonly defi nedI/US2006/006326

meani ngs, but to include by special definition in this

specification: structure, material or acts beyond the

scope of the comonly defined neanings. Thus if an

el nt e e i.n. the: t -t hi . -

P E TR AR A0 it 8P rRIRLEN onfl i (hfimorion with the

i ts upmendedstlaiine anthid érsadeattan detbghrigaghemared gnvieotoabdlieves that the

sspenuisy . s incoioabilicy
by ¢ R o b YRRt Pl W R B Ehen ' [ 40) e

definitions of the words or drawi ng el enments descri bed
herein are neant to include not only the conbination
of elenments which are literally set forth, but all

equi val ent structure, material or acts for perform ng
substantially the sane function in substantially the
same way to obtain substantially the sane result. In
this sense it is therefore contenplated that an
equi val ent substitution of two or nore el enents may be
made for any one of the el enents described and its
vari ous enbodi nents or that a single elenment may be
substituted for two or nore elenents in a claim [41]
Changes fromthe clained subject matter as viewed by a
person with ordinary skill in the art, now known or

| at er devised, are expressly contenpl ated as being
equi valents within the scope intended and its various
enbodi nents. Therefore, obvious substitutions now or

| ater known to one with ordinary skill in the art are
defined to be within the scope of the defined

el ements. This disclosure is thus neant to be
understood to include what is specifically illustrated
and descri bed above, what is conceptual ly equival ent,
what can be obviously substituted, and al so what

i ncorporates the essential ideas.[42] The scope of
this description is to be interpreted only in
conjunction with the appended clains and it is nade
clear, here, that each naned inventor believes that
the clai med subject matter is what is intended to be
pat ent ed. C ai ns

12



What is claimed is: L Arotating el ectromagnetic
apparatus conprising: a stator including a stator

wé ecame2supporti ng parall el spaced apart, PCT/US2006/006326

15
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30

toroi dal | y-shaped pernmanent nagnet sets, each of the
magnet sets formed as plural, spaced apart, co-planar
magnet segnents, the segnents arranged with permanent
magnet pol es of opposite pol @ity in alternating
sequence; a rotor providing a magnetically perneabl e,
toroidally shaped rotor frame having an outer

C|gﬁapg%%§&%qs an i nner circunference and a pair of
e surtaces, the rotor frane nounted on an axl e

supported by the stator frame, the rotor frane

Sl ot 4° oA Puitf-uvidhslt ofeBohRentoite S sy D swor fame

ci r cunfwppaitaspailld B cEd)hM't forei®ly-dhgedSleathdnent magnet sets, each
p05|t|oned in laterally spaced ap art@Palrs around t he
rotor f¢ éhﬁema@skﬂﬁ%fprmws §lua%le§p6<fedtaa spplegargnignst sspmppts, the

to one Qfythe a?‘f'agge?l QJltht BEmTaRif" mhERIEI0IR bP rdﬁPgs"-ﬂ!el Yolarity in

wound col'l wound Within each of the pairs of §
li ke poaI@maMg 1S¢mlemg Retotaeprovigingi a ingagaeiicaily @p@mblng toroidally

o face-tog n’%ﬁi {%9’?1Ja1tnl %Qx?in%"aﬁ '&ut%ﬁ&rchﬁ?e?{ ob NI ﬁ‘?t Wolierence and a

®and a conpri TEetTiC
and pl L{faﬁﬂ offslcbeesdrfWes;eheSrom'ngfmg&dncﬁlmtedmnmm adtlensgpported by the stator

electr| rrent .to the 0|Is a f

o ot eates B FORO, e, i ey o P RBE G Bougn slots
sem Ci I &i@nding SERFENEHS ouidr an-ﬁhﬁ*le@ Bﬁ@ﬁiﬁ&&ﬁce@ﬁf Bk 20t60 flame, the slots
wherein the nagnet segnents conprise four segnents

in
quadr atRpsiioner infyerabipgpaeeth apart grirscareyneh the ks ey, each of the slots
nmagnet Segoapk %aﬁ@%'ﬁ Sn&boMk si%l@sgmﬁé ﬁ)to@an‘]@% tormdally wound

apparatus of claim1 wherein the magnet segnment s
conpr i sw@ilt welndewskignesah ©f the paire ofiplotss dikepolss o] the rmanet sets

wher ei npogﬁ,%peﬁﬁ%%&sﬁ}%, ?a%%—'io-fﬁ]::e L&‘ia‘cio%g i\xjit?l R 1%tcir|}herebetween; and a

el ectrica
commutator comprising plural electrical contacts and plural fixed wipers engaged

for providing electrical current to the coils.

2. The apparatus of claim 1 wherein the magnet segments comprise two
semicircular segments.

3. The apparatus of claim 1 wherein the magnet segments comprise four segments in
quadrature.

4. The apparatus of claim 1 wherein the magnet segments comprise eight segments.

5. The apparatus of claim 1 wherein the magnet segments comprise twelve
segments.

6. The apparatus of claim 1 wherein each opposing pair of the coils are in electrical
series connection.

7. The apparatus of claim 6 wherein the commutator provides a plurality of
conductive contacts engaged for rotation with the rotor and arranged circularly

concentric with the axle.
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series connection. 7. The apparatus of claim®6 wherein
the comutator provides a plurality of conductive
weo eo7actizo engaged for rotation with the rotor POTNUS2006/006326
arranged circularly concentric with the axle.8. The
apparatus of claim7 wherein the commutator provides a
plurality of conductive wi pers engaged with the
stat qr t 0 . ' .
the. doHizAphsbing, 3F ] SRR L A58\ lorTRONAG! a Jtbliiy of
appar at mduxftwe Iveipers 8ngdged giith thactatwf edcheofcthe tvapdrs ppstioned for
configured with a r.of diver cont ct surfaces.
10. The% 3%55?5?6@ §?ﬁgpgﬁ 1§a%ﬁg#% rfﬁﬁnypers are
wedge. stigPp@aafid opasihd § Whadinfeach <raly @atactdiid donfified@ith a pair of
of diverging contact surfaces. 11. A rotating
5e|ectroﬁﬁ@ﬁ@ﬂ@@ﬂﬁﬁﬁﬁﬁﬁﬁus conprising: a stator
i ncl ygi fge % §ltat%g ef c1£1hﬁ§f%h§f&ﬁ%$vip@ﬁ a%&igl: Sha §«Pﬁﬁ%smoned for
apart, toroidally-shaped pernmanent nagnet F each
of the m@qémtkséwalfr of dreetgiag coniest spyfaeesd apar t,
co- pI n |
00 PLATAT ISk FARAL oI5 ARPABIES SAEARTR I blo rame

positi OMpwtlhgl paraﬂcﬂtspacetﬂ lapart bedideltyshapéieparmbupant magnet sets each
prOV|d|

ticall ble, t |
oot or 1 PG THEHIEE ARTBN EBE ety e o REB o TSGR Eont, the

ci reunf @LeREE MR Pl hedfan&dt dBagabl HAELEE likd@olafiflyOi opposing
frame nounted on an axle sugported by the stator

frame, BYRHOBP OVItHi #oRRT pibgIeATIVESR: ofe r ERTaPAYiding: dc agnetically
through,st.Qlise & ﬁ%’l%) ﬁgp&i%f@@ &9mb ﬂ%lﬂéjﬁrﬁéut@rrh@cﬁlﬁfé%nce an inner
C|rcunf%rences 0 e rotor franme, the slots
posi t i ociewmferedcgtand al pajr @p@dﬁe@rﬁp@r thegalior £rame guaveiter g an axle
rotor fra 0 Io I

15t o one 0L1‘p deefglésgtoﬁ%pt ag‘l ,r% d OVH}?‘%ﬁ Iglt,lrtao 5f51a {ﬁﬁy directed
wound cthlrdughmumlexm]ﬂfnngrbeemeh th:ef odtehemd) anes cmcfurrsﬂ:rems of the rotor
and a conmut at qr arra rovi di ng, current
ina fifdpes &F"r @eﬁs 138?1“? La%éﬂfl S:Pa‘ieﬂ Paérs found S ¥tor frame,
adj acengi¢h o@ tingotp of ﬁheQ‘fot tphies 66 ons 0gTIRNMidRs ofthd rbdr frame; a

an opp05|ng direction to the
toroidally wound coil wound w1t111n each of the pairs of slots; and a commutator

20 arranged for providing current flow in a first direction to the coils that are in
adjacency to one pole of the magnet segments, and in an opposing direction to the
coils that are in adjacency to the other pole of the magnet segments.

12. The apparatus of claim 11 wherein each opposing pair of the coils are in electrical
series connection.

25 13. The apparatus of claim 12 wherein the commutator provides a plurality of
conductive contacts engaged for rotation with the rotor and arranged circularly
concentric with the axle.

14. The apparatus of claim 13 wherein the commutator provides two conductive
wipers engaged with the stator, each of the wipers positioned for contact with the

30 conductive contacts as the rotor revolves.

15. The apparatus of claim 14 wherein each of the contacts is configured with a pair

of diverging contact surfaces.

14



coils that are in adjacency to the other pole of the

magnet segnents. 12. The apparatus of claim 11l wherein
weaan/oopposi ng pair of the coils are in el ectrPCBUS2006/006326

series connection. 13. The apparatus of claim 12

wherein the commutator provides a plurality of

conductive contacts engaged for rotation wWth the

r ot or,
axl e IGai}g @hgl’gﬁg %g Flgitnﬂ gy I(\)@Elle?ﬁa e 1 X rg ?ve\ﬁ%é glhggheand positioned
connutabnumamowumﬁsrmmnfmwngngpmﬂ@iwuﬁeﬁs engaged mnth

t he each of the.w ers |t|oned r con ct .
Wit hﬁ%ﬁé TRRHRR) G A8 %‘{f’graas Ctoﬁ'l "0t of {ragv rOVI mg therein a
15. Thepeapaahtinusopofe @hgieio fiddyd exeinagesic Inorofdalt ﬂib&)r body having
contacts i s confléured ith a. salg of dlver

5 cont actansUHe SERENITETNCer AR IBHE SIS BeC aélfié'f" %Wﬁé}dg “glls, the
the W pgfs wue iMBLEed ShAREHerAREEND dfichdtRNEEd faﬁa tﬁ@wyaleetvmg an
wi th the pair” of diverging contact surfaces. 17.
rotati nlgd@eécm@ma!gn@ﬁgr@ﬂ%ﬁw& af wpresgapIalaitygat East one current
stator r

G5 AR R0 R s
out er corr bomlrf g@de ntﬁethe aoidr bpdye rthe: it baastf ereerlcatricah goil \ppoducing 2

opp03|n si de lI'ls, the rotor

per man f‘gl}‘?ﬁ‘g rji'W?iI %Helc eglagongnad Sqse, © gg tat oy otstﬁe rotor Bd% w1(§h1n the
nonopol gatgagneti c field of opposite polarlty at | east

one current carrying electrical coil wound around the

rotor body within radially directed slots on both

sides of the rotor body, the at |east one electrica

coil producing a magnetic field directed al ong a sense

of rotation of the rotor body within the stator.
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