El ectromagneti c Machine Wth | ndependent Renovabl e
Coils, Modul ar Parts And Self Sustai ned Passive

WOEIMEPY7€ Bearing Field of the Invention [1] PRITES2008/008434
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invention relates generally to electric notors and
generators and nore particularly to such an

el ectromagneti c nmachine with novel struct ure and
operation. Description of the Related Art et

al Elegipmapnatioching Withiladependeat %erWVéple&ﬁﬂéMO@e&anS ¢ind Self
generator that inclsygdgsebaskica®iaghitR BakiE dal coil
structure for cutting nmagnetic | | nes to induce a
current and at |east one disc-shaped magnetic pole
s%geﬁl&{)%gh@%ﬁfﬁt ed parallel to the helical coil
structure nmul tiple toroidal coil structures and

di sc-shaped magnetic coil structures are included, the

gf{]m d’ﬂn CO\I/eln 10}1 rrlcjalca ls”e%ef%ergﬁ]}é | ? IS h%l%?oqs TRY" %hérr%to?so Ialld more

uct ur&s AT “ar'Tan erna nmanner

t or actizhlaglgitd siehran etemmmdlmmmmmmmw@mmranon.

structure are not provided with a perneable nmaterial.

When either the toroidal coil structures or the at

| @r&dripateofthe ReRtdpgtl magnetic pole structure is

rotated by an external force, the toroidal coil

structure cuts the magnetic |ines passing therethrough

t gzdgenﬁi 3t &, B 20040345 WiscRRSs a flé’t]roﬁ?aélectﬂé%enerator that includes

2002/ 0135263, discloses a plurality of stator arc

s egrié ffest opp sroifalrcrt] strecsis iferuttng raagnetic lines toyndyce a current and at

assﬁ?ﬁ Xnéjﬁﬁg sﬁ %@tlﬁ?&l@rstru&tﬁreaoﬂn?efdgﬁﬁﬁﬁl to the helical coil
nment , ura magnetic fields is create

whe rstrattarst Pfrmsltlple mrprénlt coilstruefnegs end dise-plrapedymagpatie coil structures

wou I o)

bodn‘]Eije %CBE ase ctlﬁgozdag @(r)rl?a rclhg% a{sn(lii‘é&ésfcantﬁ%zglll fm? Bk Mmres are

encamanlgedtlealttmsmgomhmet dhe tcamialrmalﬂcmrutm emtiallsorshapqd magnetic

segnen in cont ac ot h nth or0|

cor o0 st 88 nif Potistd R v Sy bt

COoNsbil Yehiduirgs dinthe ALt oﬁmdisdqﬂfaﬁedjmsgnedb b(vlestramereai gated by an

di scl ose 803691, scl oses. an_ .

o) oG RTEL o e sga 3l B %&%‘8??‘8%?‘"159‘% therethrough

per 1B gélefatd Anigdisdea p@fert Or € centered on an axis of
rotation and having two axiall yopposite

r thg ftor01dal

[31  Neal, US 2002/0135263, discloses a plurality of stator arc segments that form a
toroidal core for a stator assembly used to make a motor. In a preferred embodiment,
a plurality of magnetic fields is created when electrical current is conducted through
wire wound around poles on the toroidal core. A monolithic body of phase change
material substantially encapsulates the conductors and holds the stator arc segments
in contact with each other in the toroidal core. Hard disc drives using the motor, and

methods of constructing the motor and hard disc drives are also disclosed.

(4] Rose, US 6803691, discloses an electrical machine that comprises a magnetically
permeable ring-shaped core centered on an axis of rotation and having two axially-

opposite sides. Coils are wound toroidally about the core and disposed sequentially



sides. Coils are wound toroidally about the core and
di sposed sequentiall yalong the circunferentia

WORIMEWP478n. Each coil includes two side | egs @&TARIPI§YO8434
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radi al |y al ongsi de respectively sides of the core.
Coi |l -free spaces exi st between adjacent side legs. A
bracket has first and second side flanges that are
connected by a bridging structure and respectively
abutalédpe el isdundérdntsd chirRetich. dRsh Qbilt Meluaes kwo [shle legs extending
Mohl er, US 6507257, djscl oses bi-dirggﬁional b

| at Rl #longsifle resPRYL el sSIgsnl theetPrer CoMr g SBAfes SHish (between
Wt 1, gI38nt Qfde MBS CA R4 cREShab il Bl dseBBHAYi @1 dnaey @eare ddirected by a
shaft " and rotor are nmounted for rotation in a

magriuidging siycteisaad sespesivels abyt iy firstandgeeond pidener the egil

coil nounted therein and is closed by conductive end

caps. The end caps have stator pole pieces nounted _
t Ber eoMohlen, &ife 68ABYYL ndisrloses e bi-direqtionals latehing sastuatogothat is
opposi t el net.i - '

oy Sl 3P QAHRRE B} BRORES ARG b thercon. The
Si deshafhdndseyarase mowiyd for noiatianey A ebdgnetiaily comiucties vukiog having

si de. The.stat.or I i ece ,hag asymmetric fl ux
condirergey CafioRe BB edR tVEBsblely siitaps, T end caps
t harhaté etatog paierpie@s pvuiied nhedéont heopotmbgliment, thérrotor has at least

abut nent prevents the rotor from swi ng to the.

neut PRI PBELIER: BAEISIA) BTRIET BRIt Bier e AResisgllyymounted,
al i gnRedneyi 4rb adjheenhatodiRrsideQRd d§fatavdd tyy H86i-inapnedit voléeon the other
pol e piece). %hus,,the rotor is magnetically | atched

i n o Bhe piajor pesiPisep Hes TG HoRSUEHY apd i one embodiment
neutit aliaRPidideOthan BREEAARMI BRI o fHREPAO plecdVAn abafinent prevents
opposite ‘polarity current causes the rotor to rotate _

t owethelsoton fiom spyingingeto) the aeHtilPesiion: (wéwro fhe resppuagtets grg axially
mag . . Tt Mok _
533700 GERGRECcdBuctiRY, BT 0Me ot pY, Phs, b roor i
act usdgneticalipt laicked: amome s dtwef pesiticalsebding deayrre teveardp e neutral
capable of. generc.ati el . I

g e Cp N FEh ofthe ¥ S B0A RS BO AL AnPAARE e rovor o
genabatel tywandk iita dppasite ladiihg pesitin wheraipoh atuis inragneticatly latched in
upper _.and .l ower end plates at each end. Munted to the

end PHEPBEY NG ext ending towards each other are stator

pol e pi eces separated fromits opposing pol e piece by

?E@alalr M%g{%ir, @S %%5%%,6 I&Esclglsae naegerrrn%eonrt nluic’gngtl g‘r%glﬁgsg té)rrcliue 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 lower end plates at each end. Mounted to the
end plates and extending towards each other are stator pole pieces separated from its
opposing pole piece by an air gap. A permanent magnet rotor is disposed in the air
gap and mounted on a shaft which in turn is rotatably mounted in each of the end
plates. The permanent magnet rotor comprises at least two permanent magnets, each
covering an arcuate portion of the rotor and having opposite polarities. Energization
of the coil with current in one direction magnetizes the pole pieces such that each of

the two pole pieces attracts one of the magnets of the rotor and repels the other



gap and nounted on a shaft which in turn is rotatably
mounted in each of the end plates. The pernanent

WORHIMPOTS 0t or conprises at | east two per manenPCRFAUBLI8434
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each covering an arcuate portion of the rotor and

havi ng opposite polarities. Energization of the coil

With current in one direction magnetizes the pole

pi eces such that each of the two pole pieces attracts

one mfgriehef tmgotet sesalfing live artotjoe gardctedelpethe dulpmt shaft. Reversal of
ot her magnet of the rotor resulting in a forque .
genaPa et g Bt FaRERtof hE Junle i RHE ofups aptpr in the
f | oveppesitd difecfich. Braferved Gabodirheritfre tdisepuel Ravihg mukipleotells, i.e. a
of the rotar. in the opposite direcfion .  Preferred .
o RIS S8 reIP R D E gt oAy ST Qe 8 Cich Eheng arga plusalic
a plaRld giscePht eadrpdtbr podé Plan&t at or conbi nati ons and/ or
cells'in which there are a plurality of pole pieces at

each stator pole plane. [7] Kloosterhouse et al, US
5%’%125@00@3%@ 86 afNUS! $641295BaRAbIS AP EeREwbHAnetic motor that
includes a rotor having a plurality of magnets nounted

al onigcludgsearrpiophatingd pludity of prgnemguatedislopg angrmeten of the rotor.
mag v hidheBOhRR RLR00H Wity &0

nmor gﬁgﬁg@ﬁ %ﬁ&g‘%ﬁ%g reg giﬁépo@gb& agﬁa%:ent O the ¢ o moe
per i eletromagrfets dre dispesed adjacenh it the perirheter eftthe ratertsatthat as the rotor
t he ne mounted on.the rotor_are cartj e

pol ergggefq’ ;aiee maeRd r%%néeﬁgtog. &‘&froFogn © %‘é%dgp iﬂe % é&@s of the
t he édcgotnagiesy Grinenbis supplied/ @ dier dertforagnets by a drive circuit in a

predet er m ne hase relatfionship with th otati on of

t he I8 e&?‘“&?gh&aﬁ%tr?la??ﬂsg’gu& aﬁf’irﬁf‘alt naefl nbolﬁ?raﬁucg that, for
PosisubQifialy alln@igtildl PositibEy 6L tHeCroddr] Aghdtionat@idion and repulsion
repul si on between, the gol es of tcpa‘gel ect romagnet s &

t he BehEgsatRe PRIGHRIRE BiRcRAgne’s 3Rd fheqragns | o

r ot ah& rdté} B rf@Riih @deSikddeditdegbhn. RRBERE tohat&ial RS Mbhd b5 the rotor
nounted on the rotor in predeterm ned angul ar

posiinipedstermined angnipepesitiensi The drive geyt Belydes aorhotpsprsitivg device

devig cw@}&hcw@%ﬁﬁswﬁo@i @l vIRRSRcHRIngCoVRRLES the device is
according to whether the device is receiving |ight '
r ef Irecsinang flightnrefleted drqme dhe vefleiiteemipterial ke signphas apoplified to

anmpl | £ i O R ri nt for the

el e tr{)%uﬁggﬁget S. %Fﬁggs}ég@@%%%& di scl oses a

st epper notor housing a pole structure in which a pair

of,.l degt i cal I [ lyral ity .of ..

pi)if]es, Waerstgeypg@?{)% rglésgiq%ésg i Stteg&? glolgoq\ﬁoﬂgnga Bofé S%Jukt]ilxa il'which a
pair of identical stator plates, each having a plurality of poles, are positioned back to

nd
€ rotor urge

back with the poles projecting in opposite directions, the stator plates being
positioned between a pair of substantially identical 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 to assure a low reluctance

magnetic path.

[91  Fawzy, 4565938, discloses an electromechanical device which can be used as a

motor or as a generator. The device has a housing, including bearing means to



back with the poles projecting in opposite directions,
the stator plates being positioned between a pair of

WOL0440847i al | y i dentical stator cups, each st ZCEUSBN§/008434
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having a plurality of poles projecting inwardly from a

back wall with a peripheral side wall termnating in

an outwardly extending flange. A major surface of each
flange is in contact with a face on one of the stator

pl atsapp@o aatdtablaskaft. eDiac Insagnétengeisameeprovigadt arel polieth. to have
[9] Fawzy, 4565938,. di scl oses an eI ro hani cal .
devidtemghng RoRal B geogouted, opdhe s %‘# t%?éémégnr ?Oét dpe device
The if@vdeseathast and @ ipoR. shoBGh Whiaex WRRATthe) ghagRaNBeans, having a
tosupport a rotatable shaft magnet neans .ar

pr oWPOFR e)gwuiupforaé&llwhﬁa@%matpt%fwsm MHgUBbP P.%*\?mgﬁrd of a first
ar € Japii. 6Mis@thelddgd fhafibast SndRLoMEpAe SRS cohtaBt WK | |tﬁeﬁmagnet
i ncl'udes at |east one first pole shoe in contact with

t he anddavng Aparmon ekigudingyradially therefrpra sq dafiap dgiftuad pale|chamber of
t hergd 16T} klglagﬁf 'f{‘% 1dV§t5tt)P§g nﬁ%éd e Relousi g £1d‘c ﬁefss&'mdmgs

pol arity soincluded Is at | east one secon

sho eheprcpnc Gibie sstatorwis t fositinrednanpuitarly savouriddathe n@sCampgneGSi Mh that the
exten v

cha nbugl%aﬁ] %}pf qma%'b% otflel?er ﬁIasE g{ﬁ Ee%&gcfélr)lgesggesst %1?8?3& EQIQIOSS of said
nountiadingnwith &uhtm&rangauynaltehmﬁngvlﬁehﬁs rod sternatirgopnlaritheMeans are

LT T e e

S €C Operafrdlas a ghegors bif providéelcyrtent iowpsratd the &d:\dcelus racdhotgs

with circunferentially alternating fields of

aI ternating polarity. Means are provided for
el Rt r FaRly, amsusaedisidshs A eleStod@hartiénl devive Ghichdh benised as a
en the device is oEgrated as . a generator, or provide

cur MRer PloapEeraralon that hasye Beusing, Anlyding bearing)meang fg support a

4459@:9%1&5% | £565 0Pl tCREFNBD tLiRve @?%dsﬁ@ Wﬁh@hon the two

can be used as a notor or as a generator
houdaasg of pash| Thti megoseard meuiechiase toofagg ieperher on the shaft to define a

f ot 3f P& FBALS mleﬁd&aajt ieagfong ﬁ?sq %H@é & c%pécmwgnet fAce of each

have opp03|te po arit faces of each
mag megaeta agd haymgt@pbrﬂac extcrtdufmélatln g@lrtrfmm tendafine, whitsf preferred

L0 60 Wl RPLRYa 018 cHIeEe of 6] UARSRAhridy SESHIIR face. Ao

oe I'n Eonta eac
magrisdlyded nig aIn&eabﬂgneasqwomct poin sbmt andpmgctrmdh alhd yther face of each

t hep‘g gagtmantdqlaggfglanpeortxcgnne)étet:n%ixpgrr%}:heaﬁ)rl %gereﬁ'om 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.



form a pair of virtual pole chanbers, of the sane
polarity as said one face. Also included is at |east

WORAY/MR¥Snd pol e shoe in contact with the ot h@CTRZWSPH8434
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each magnet and having a portion extending radially
therefromto define in its preferred forma pair of
virtual pole chanbers of the sanme polarity as the
other face. A toroid stator is nmounted on the housing
and has w ndi ngs ther eQutnmarpef tediantioss posi ti oned
annul arly around the disc magnets such that the
virtual pole chanbers of the first and second pole

shogs FHE bRy ifehfidroRaches cer@intbenbfid i @shsibhdtidn and use which give
circunferentially alternating fields of al ternating

pol amset iy themhigeties degaribed prle legneagmbadiments e RsSSpigiavention

dr aw;,Qfifons U a8 e Mot d? e il ¥boBd ettt RUfuAGdAS as a rotating
generator, or provide current to operate the device as

a wmlmmcsgmmqr arid intye thindvearhodiseent it1fupctipra app getatigg transformer.
i nvent e

use R SRRt Bl SREN b ofRRS bl L Ehip oL e rater
| n othen mnd:tmgl ﬁuemch of Iﬂesmreb@mnenmmvm@nnefmmbd epesatesas an AC
an ele |c npt [ secpond di it f Lons .
as a> %Fb |ng e rﬁg%benggﬁfggﬂgg &§%£%l%%f§§§&g 2 moving
er‘rbOﬂedﬁfBﬁJ‘agmdhcf ﬁﬂdtuoomagm i fattaatiomgnd raasmsimlremxﬂsiod n In each

furth enbodlnents t he sent, i nv er

L g B Rk oot rabhel s, Kl SRich “SuBRS i sGoondary
t he%a%mﬁoWWE&y b @eR@bitNBagiys bf eﬁ}@&bx&h@ﬂtsﬁ&m&ﬂ either the
AC machi ne or a DC machi ne. The nachi ne oper at es

couphTiRRRY 2T ({BR; FergndATS CHagBrta JHRStipRIng ag | Pt Wétsg%f?twe of the

at t ragdnid@n i @Ndeifiled Qothting S&L&aﬁxbl‘aﬁn% I mnea&ibrﬁmgwtme present
primary e ectronagnets produce a tield which couples

t o siarentignrip oggriacaral\ gmbeimeny NSEINSEY toathe Rmbedimsatsspreviously
or edegﬁ&f Rgnet aectmn; ?néﬂctcBﬁ btrbddGre %uﬁ%yfo%eé £Espiral turns of a

secondary nagnets unctioning as part of a stator .
st r uingle Batoftnp hbameighier frsTomageetic qwonff@'rommam materigk A further

t faﬁﬁJpM%spmmp S inBRRRCH c%fxﬁg&nlgmﬂg F fdlentire construction

i nventron, I'n one s ructura ertinent to
t he teyndm@ohf reeil tspeqial shaprulsduginge bf feoimageetis maenidl which is separated

glpltaﬁtg{ 3 Bi ns}t%f%f sg%menEI% ! %%P Jtc% Syy\@s%&ged? ﬁ-gr];r]loereac othe? but in mutual
f er redevaipak comtinnity namd- lﬁmcf anagnahg dlymtesm effactsAAfmt’d:eh éimportant

aspect of the present invention is the incorporated self sustained passive magnetic

bearing as a result of the permanent magnets sweeping a portion of the aluminum
shaft ring beneath the permanent magnets and located between the guiding ball
bearing and the electromagnets ferromagnetic core. Another important aspect of the
present invention is the permanent magnets edges cut in a distinct angle, such as at 45
degrees, or triangular in shape which allows a continuous magnetic one pole face and
avoids the alternating magnetic end effect at both ends of the permanent magnet.
Another important aspect of the present invention is the useful capture of induced
eddy currents of each ferromagnetic segment and sent back in the electrical circuit of

the power supply.



i nportant aspect of the present invention is the
nodul arity of the entire construction by use of coil

WO2BBA087Sshape housi ngs of ferromagnetic mat ePCAUSAHISOAS434
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iIs separated into a plurality of segnents magnetically

i sol ated fromeach other but in nutual electrica

continuity and hence m nim zing hysteresis effects.

Anot her inportant aspect of the present invention is

{ 2] NACKRALA! flechih for W bRt dnaiSH S 1HFARRA Gn apparatus and
bearing as a‘result of the permanent nmagnets sweepi ng

a pontthohoffse phsnch ppparatumthattyidlds advenjagse nettewght b the prior art.
per mmnent magnets and | ocat ed between the guidi ng bal
beari ng and the el ectromagnets ferromagnetic core.

At} he Anbtpostjetive a§ fecinvation iretopprederta mactang andeseribed herein
t he per manent nets e cut in a distinct angle,

suc aé{g’gﬁt%%‘selg P’gérée,ucgir%%?drefl%{ gul ar in shape which

all ows a continuous nmagnetic one pole face and avoi ds

the alternating. magnetic end effect. at both. ends of

U RE e AR CEGHEL oF Al URGPORT o (b AR Slofiey Aged for
pr es@imuttyent ion i s the useful capture of induced

eddy currents of each ferronmagnetic segnment and sent

back in the electrical circuit of the power

SUPR! Y Al fhdherdbRictivds i the RhnRahidn/ B R edtdMlisith&8 B low losses including
invention is to provide an apparatus and nmethod of use

of dlasshs derprad ftons hysieresisihepta sadintionpd gedy peTenfsaitpinh t5guce the
the &ﬁéigﬂca/%rf iJaﬂéL%héﬁk%P%ggésa&ﬁ_ eve of the invention

is to produce’a nmachi ne as cribed herein having a
hi gh el ectromagnetic field density. [14] A further

DU & BB By BBt BRRORAL PGS b wit o

I NV eddidpact, meditliretrest@bl | shment of | ow [ osses i ncl udi ng

| osses derived fromhysteresis, heat, radiation and

eddy currents, which reduce the efficiency of typica

mach)i nasfugthert dbgecfivesLthie ihypdon [s1t6]préviiein rbretingbjaeidiid with open

of the invention is to rog e a rotafi machi ne with
a cdifEtto tﬁﬁﬁ’é‘iﬂoéf’?%s( ‘i‘eﬂg'[ﬂlf %i% o1 ﬁm%gérﬂ{;‘ﬂﬁ%r obj ecti ve
of the invention is to provide a rotating machine with
open . .
?l 8] A further objective of the invention is to provide rotating and translating
machines with self sustained passive magnetic bearings as part of their integrated

construction.

[19] Other features and advantages of the embodiments of the present invention will
become apparent from the following more detailed description, taken in conjunction
with the accompanying drawings, which illustrate, by way of example, the principles

of at least one of the possible embodiments of the invention.
Brief Description of the Drawings

[20] The accompanying drawings illustrate the embodiments of the present invention.

In such drawings:



access to the interior of its central shaft on its

axis of rotation. [IS] A further objective of the
WOHPAP978n is to provide rotating and trans| afCAg/S2008/008434

machi nes with self sustained passive nmagnetic bearings

as part of their integrated construction. [19] O her

features and advantages of the enbodi nents of the

present invention will beconme apparent fromthe

gill 1OWEDRGrd PlsG sgl%tn?a'nk QehoARS 61 thPpreQAt ink SRR shéwn i m cross-section;
unctton wth the acconpanyi g dr awi whi ch
! e mfgtbef

i I[I?l]st Figuee 2 t§y1 SJ@)/VI@V ofg aqﬁgﬁoga pigsenf inyention shown
lea S 18f A&k 304, coll
[ nvéﬁ&?%ﬁeaﬁ ? %@Sgél pti on of t he %ravm ngsnm rin S cot

accanpmynwgom riagi30gs maghelictheatieg aliminamb oo swaers S\D’face 10°, and
s the (pres%% édwentl on. In such drawi ngs:[21] Figure 1
is a Sethemstie di agram of the present invention shown

| {rzaqr oﬁm&extsla@arspéﬁﬂ}: viéwgmaelreult eonanosn deg 0Bw of a

é gnal buI ar { ! reS{e I SI nveﬂh ) arm Aecurin
Yed Berﬁ’ﬁfc 15%5?4 ﬁﬁ SQEEPT Ay SEReTER 1 g g
m)urﬁmﬁgdéthdmg& 30A, coil int erconnect| on ring 30C

magnet i c bearlngaumn ri.ng swe ace 10 .

vt Bt 50 of 25 Vi thetob oF s52) i A birine risinRoting and
10 @ CighGWidg p? &immnawgco%ﬁ&m Bdk; Figures 4 is a

perspect|ve end view thereof as seen wiith the bearing

sE0r i Figura & s ppgrspretiye preiyiey shereofagirer fgm; the gpmmpgtor,
III%W %ﬁ?eo'f is %%el%ﬁ&'ﬂivg QQW drldge HARE | b(ﬁﬂle@tﬁ%%rai‘sng fitting
sh ng proxinmal ends of connecting bars; E;‘léléj
F{20r eFigures & iperpepwettiveevie dhereeinshonang de ago reoil housings

fro €nd
i o BB flng rep Ll decpA e by RELARL kol Eng
15 a[39dr spizote Vs avdaseup ipertisbside peospiectay et vinev thm%Oﬁ aﬂlOfwin&) fHe mounting
housi Iy nted on.the | ripngs as seen from
o BB RE ae R g M B M A 0 8e T I 1S
c[3e Bjgupald isad patislesigrepaypectiveveew itbaredfsbowol & bolvangounted

the wi unglccl;llghousing;

[31] Figure 11 is a perspective view thereof of a coil either wire or tape as wound onto
20 a coil form on a magnetic or non-magnetic material core like steel or aluminum, and
a coil housing showing coil form mounting surfaces;
[32] Figure 12 is a side view of the coil housing thereof with coil and coil form in
place;
[33] Figures 13 and 14 are perspective views thereof showing a commutator housing
25 positioned over the commutator;
[34] Figures 15 and 16 are perspective views of system housing plates thereof;
[35] Figure 17 is a partial side perspective view of the presently described apparatus
showing physical relationships between coil housings, peripheral angle cut magnets
adjacent to the ferromagnetic core’s shape and the system housing plates; and

30 [36] Figure 18-20 are conceptual diagrams of an advanced electromagnet coil thereof.
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interface between a coil housing and the nounting
rin 30] Figure 10 is a partial side perspective

0? reof showing a coil as nounted w t hi RCA/H3PY8/008434
housi ng; [3 1] Figure 11 is a perspective view thereof
of a coil either wire or tape as wound onto a coil
formon a magnetic or non-nmagnetic material core |like
steel or alum num and a coil housing showi ng coil

form mounting surfpe@ied belipddn®iiik: théedtidna Si de vi ew
of the coil housing thereof wth coil and coil formin

pl ace; [33] Figures 13 and 14 are perspective views

i 0o . . ‘ e i .

t R ot oY sctinGl TR Bl HRLEA, ARSDEMAERR UG i at toas
vi ewsxe @f its psifgradremiedingengs, wvhizh is fathenflefied B} detaiy iy de fgllowing
hoxép'lg)bz):sg user 3R Ct I \S/kl l\ﬂl% ?rft apeoepgb?esﬁn%éﬂe alterations

des physi ca ations
bet wae rmccﬁﬁbathﬁ:usn mgSprepm umhanai vathghte depattingafjomst s spirit and

SyseEmendbSe i i S e psa R Ry EEES At bave been
congeptasl oy aar &i’é‘o‘plﬁﬁosa@ ofidxamiyle dné et ttheyMEpORE n6tobd taken as
t hereof . Detal |l ed Descr.i pt| on tgf the I nvention [37] The

aboVEniag tejmyention agdefy doyingstrate the present
invention in at | east one of its preferred

enbodi nents, which is further defined in detail_ in the

f 6381 owl hRyPTGERsE ivERtiosns aTRGERE PISCTOPEERUA Mashjaeswhich may be used

t he ; Lve%ywegl@ a@*?ie rib@d JBoe Alil %ﬁﬁfhhpfbsthe&dof skill in the art. The

nmodi ficatio int epresent i nventi on w t hout
depahysica) ¢onstmctips espeaidlly thatl of clbp eclecampgrieic ecoilst and the coil

m"Sthobsem S, ﬂ;%r #n% rd%ftlﬁf’a coL{E % E}e%ulgoetﬂe Smg%{@%ﬁ most of the

have ’Set pur poses exanpl e

and stlhe’ttlral brymigetaoumcbfrtms ntaehﬁnalwmoasl | Rigr 1t i ragsChdmtlc diagram of
invention as.defined in the foll 3

pr eseht” ?Sﬁ@ew%ﬁm glog' T Bt &§°Th %ece? ollnaééﬁ*é .scgme of the major
MA.C Rofigrustisrmah foaRiyeshf this @thchine. sEngei ahowegas mshlde’s cutivbeerchxle 10,

above as is famliar to. th ki |l the art.. The

phy SPRHIE 57 IPr MAPHRS é@é%g‘c@r |°§)‘1t ypings 4py, goil housing Bous 42,

el eqlefipoRgd eigdn6ts 0] bedtorMthghbte 60 Odylstem housing plates 70 and peripheral
plates 72 . These components will be described in detail in the following referring to

the attached pictorials where numerals shown thereon are found in this text.

[39] Fig. 2 is a side view of the rotational tubular axle 10 and its magnetic bearing
aluminum swept surface 10°, showing bearing sets 20, bearing securing fitting 15,
commutator 80, mounting rings 30A and coil input ring 30C. In Fig. 1 it is seen that
housing 70 is mounted on bearing sets 20 through adaptors 74. Either the housing 70
or axle 10 may act as stator with the other member rotating. Fig. 3 is a perspective
view of coil common ring 30B which is constructed in two pieces and is
independently removable from axle 10, whereas mounting rings 30A are an integral
part of axle 10. Fig. 4 is a perspective end view of axle 10 with the securing fitting
15 detached.



housi ngs, the manner of interconnecting the coils to
the commutator and nost of the structura

WO 08P at i ons of this machine are novel . Fi #CTAUS2Y8408434

10

15

20

25

30

schemati c diagram of the present invention shown in
cross-section which shows sonme of the major
constructional features of this machine. Fig. 1 shows
the machine's tubular axle 10, bearing sets 20,

mounting rings 30A, coil housing housi
B0 5. What 5o gheicin Seghoh Su50, Heui oy B Gpgiew from the
SY StEMnne ididdsiBk,ak Fﬁ)xﬂi)al _}NEs RYficBhRcEAg BAIrad®HhicR extend axially

These conponents W be described in detail in_the
f ol Ivothimexle &0 @3 wikhge figrthen shoay Jusctiis RaTTnertieendyisve thereof as

nu m%g%l fFortt HRVEY g;é-ﬁ'@ﬁtgp Qn(p(;fe(hé RAUgnd, thtvnhé dls@X Ends[93Yf connecting

Fig Is a si lew of the rotational tubular axle
10 dad 90t Figehjiset pasisetdve vigy af o ofithe somnsetinaarndd as detached,

10", . sh. ovm ani |
12 oSSR 995aPhar P RS S
ri nghsw €nd 94 cBignutes bietweies b&é@mnd had: seigongsi §2pf cOmimitator 80 and is

mount ed on beari s 20 a t or

t he SHOTRE By S78VS E‘ggil %o% nlita act CES a 8?)4W| t’%’g‘%a% lateral

ot thllatérBMchr i tcatérad) withi aa. ms'illatar \arapaf)sq:ﬂcstecured td @il oiput ring
ed.in

ot 286 ek SR JEANED! §° SIaEV AL Py BHRRRPe 2 g serew 34.
wherasy J0H ratzalraglerﬂoﬂg&u&%oarwms iwill 8@ dadcrib@f presehtly. Bars 90,
axle 10. Fi erspective end view of ax|e 10

Wi t nnqlwbn%@ga Pﬁn@lawﬁ 08 iapd, tabs 32 dora Hig repesdyry Wissicplspathy petween

dep'egcggmé@ef ¢dils of thedhchin® (B R Mesdribell), dnd fhie cBMnfifor 80. In the
view fromthe securing fitting side, 1's proximal ends

92 referdneehadimensasadls JA0 A wiied it aellch it quprenyj infpepced from
ax| &, 10, Agudo go Bl 8O bafs! &b, phitd 98 B insulated segments

perspective end vie Lereo as seen from the
comtabad2)rmemtedain lnhet rirgciCh eOnestndvaifregelipsthe poibsnldd ageattached

8];] e%gnnsmfltarl])g 39 Tes ec%Q/e thgs'crgeéls 38, Q%Eh%ﬁgxgé 69’%&( b?&(e%ﬁnls 110

e “Connec |ng ars
t he apa“mablmdl to ke imeiv.@lomtmm&ﬂneg}d@B whi¢haacty a5l a gmdncgﬁack to the
j oined t 90 at the distal end 94, conmutes
bet \X/B‘é‘ﬁ‘“gaé‘?’%ﬁo and one segnment 82 of commutator 80 and
is secured by screws 84 as shown in Fig. 6. The distal

OB e b e 5, RS 52 50, g o o
| NPWhit 4NGig. 1) fastened into threaded holes. Fig. 9 is a close up showing the novel
mounting interface between coil housings 100 and the mounting rings 30A. In this
mounting it is noticed that the interfacing surfaces of the coil housings 100 abut rings
30A and are close to rings 30B and 30C. Fig. 10 shows part of the coil housing 100
removed revealing a portion of a coil 110 as mounted within the coil housing 100.
Fig. 11 shows the coil 110 detached from the coil housing 100 and shows, too,
coilform 120 upon which coil 110 is wound. In this embodiment coil 110 is wound
with common insulated wire 112, however, coil 110 may also be wound with metal
strip wherein such strip would have a thickness approximately equal to the diameter
of wire 112 and a width W equal to the width of coil 110, or of the ferromagnetic

housing cell’s width as shown in Fig. 11. It is noticed that coil 110 has an axis 114



30C through slots 12 in axle 10, as shown in Fig. 2,
using tab 32 and screw 34. Screw 36 is avail able for

WOLBI0PHG coil wires as will be described pre®ER{lSg008/008434
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Bars 90, including rods 96, plates 98 and tabs 32 form
the necessary electrical path between el ectromagnet
coils of the machine (to be described), and the
commutator 80. In the preferred enbodinent, coils 110

are e Wohbt edabéfial to e ddumed dfr mtatioheof the
P\A{}g A glﬂdg’ﬁpq%r olbeﬂos o |54

comu | ateral rods, 96, bars 9 |
98 blectrqmghqxceﬂelg eﬁn@h‘t gxaflp%gvhglz)t qTﬁgllllltI% dnodlﬁgad wi tl?gethe coil

ri ng% 291 erlﬁ{lgla?f Q% pse@ﬁ it PR. ¢PiWherelddil Brveis shown mounted

att 8 et 2 respectively, at Sqrews
36. thhm @iiftensisg NZ@f&néé@hSl@ﬁ 12 sbepdn 1t goopnfsd position on ring

at ! 26 hegﬂ.’,ydm%)gcg ous an G i Nfe Wi in @6 Sompletely

conmut at or 80. [41] Fi 8
S home&md eRtHind) mwongmumgs mlfwrxeajﬁ:élrmckearwnﬁggbugeg axle 110.
by coil housing bolts 42 (Fig. 1) fastened into
t hreaded holes. Fig. 9 is a close up show ng the novel
2@91“ i Figs. 119 1aRd i 26K0vb @ et Houbiog 85 pgsitivsd oyAGthe |semmutator

unting rings 30A. In this.muntin f
t hat80t hgrl G §50 PN i B o 4 h‘g‘&é%‘?a}“?hg"g%"ﬁqge oy

abut or39AF @le PR 10 96 @ievd of iha ggst@0 Boasig 18&1@} 70 which are

Fi g shows part of the 00| hou 00 r

r evebéwmin teip @?SFmde@PSI&O%}nI ig1b ggt"%oén%ree 5“%/‘%%{%%& the outer
the,cotl $i Edig- zolltm%hgh/\b‘adta rsCGil shobh in schematic
det é’cﬁmé P&’omﬁgé@%l housi ng 100 angtes ons

COi Irémesenthiéh m;fom WwHiight Tcdops nished GI3RRL ana §1a? glew with two

e mbodi. W 4RI RInd V8, Ltb aluﬁﬂi the locations
r PCHRBFA tlr?ga%s It QDQ%%I ?ly)?dfg\gnm al 5o be wound wit

nret anpsﬁ;mem miagiem 50 md@hxlehpus%s\/wgl gheaxied of {qtﬁtlepgﬁgghg rotating
appr oxi nat‘g%‘i)(lsdg {%gto t he, di ameter of wire 112 and a

wi dtAReRFEy W& h'of coil 110, or of the
ferromagnetl c housing cell's width as shown in Fig.

It is noticed that co 1@ibSp lv coil 110 was
114432100578901@4%) %B‘f’ apec w(f’ N %9‘[[%%?0@5& posi t fec‘)llr%gly
t angeEiduRl ad @ontsia&tai wﬁwmms mf cmman imsnlatsd elqglrical conductor wire

el ectromagnetic fiel ne;
mounti@dsvs VeI KneWk m@ﬁtﬁ gy g&rlr%lg ‘?rbsﬁf%'teld c'oﬁductlve

seenpbd Eiig- stdek. V\fﬂ%@v&ow ha]sl&:ehSdlﬁ‘bﬂmd ripatndoddd110 may also be
advantageously constructed from a solid block of conductive metal. In Fig. 18 is
shown a schematic diagram of such a coil 110 wherein the lines 110A represent
conductive paths and the spaces between the lines represent material that is cut away
from the solid block of conductive metal. This may be accomplished using electrical
discharge machining, also known by the acronym EDM. In this process EDM is used
to cut into the solid block of electrically conductive material such as copper,
aluminum or steel, but most preferably, iron, and the cuts are directed as shown in
Fig. 18. When the cutting is complete, the solid block has been reduced to a single
coil where the coil’s windings are strips having the desired width W (Fig. 19), i.e,,

the width of the original solid block.



within coil housing 120, and housing 120 is shown in
its nounted position on ring 30A Only two coil

WOREIHNAYS 120 are shown in the figures, but i KRCIAS2008/008434
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conpl etely assenbl ed machi ne, the coil housings 120

forma full circle around tubular axle 110. [42] Figs.
13 and 14 show a commut at or housi ng 85 positioned over
the conmutator 80. Housing 85 provides the w pers that

f gcmt]i ORRY. 1Y sKoWal tBE but btk bh pelesectibe QﬁHMIsQHJz[ndSﬁmuF(-gslectrodes
15 and 16 are views of the system hous*&%égl at es

whi citaghed feherprestieithereil AL iih e &Fcybe %SCthﬁ?hgne Fig. 20

1. Rnaysehe’Qnif &t %[&ﬁ&@dﬁ%\ﬂ 1t9hbad119ar@at utheay itd Getted GRSstrate the
of beari nti:; sets 20 throu adaptors 4 shown in

schémery of e mandingsat [oA1gsn 1R gd 30 npj gpace) 7§ shpyis senseating the
fi nl@ﬁ&ﬂgmswb? méseahg%}ézareféo@l%ﬁeﬁgl falatgysﬁnsp@ﬁérpﬁﬁ@gces between

pl ates 7 commonly known as "bi'scuits,” renoved, to
showdjakent|vaodingsonrs corfsidsenbiypless wide rthaghté@ svigbngsrifemesiyes, and the

ho us [ nc% “% 0? dgheed {ﬂl §n5c1e§fmﬁ1°{9§ﬁlht8fi 17\8];1% %%lerﬁ% %Lérﬂ:%al process

nragn e i ct
18- zsﬁch; hmefl/acamphhnga r"ﬂhat:ol\lf hownmokmrmyt algf becadwhnta&e@usly constructed
Pr evi sI coi | eSCr.i

.b
wi ndf %a(?ﬁffoaﬁ eco P%%F@Et@%’g coh té'f) %\nwo may be
112 saaioinsd \me;!n}g HOMVO dstabhifhea abil-lika ndnfigurétionathile Imaintaining the
usi flexihle.insul ated_con tive nme stri s. . X
ondREring 1 Declor Shovh L Bt dd. (e coppbnephohgg! A€ gnd coi
be aRuans 20EREE ¥b&RMEdnhCireeidé sigRifidart alivaitdpbORkIuvaing low eddy
conductive netal. In Fi g@ 18 is shown a schematjc .

di aghERRtdpsssigwsHesistage fo AC@ndrPE cHreH flop, apdksmadr size.
represent conductive paths and the spaces between the
lines represent material that is cut a fromthe )
stSld Bheerablgments degabgd/ia desil aboveraye goqmi?reéemvel over the prior art

accq éﬁg%&@ ayeS%Jﬁgldgxle@ Elifidaf @) nd bg&a%q)? aDRER R E%N?t of one best

al so e acronym EDM hi's process
usedndds @mlnodum«m aftthe gmstang upieodn ofid ¢4 st adherykeingnt of the above

C on Cc{lléscrlt 4§ o g%ét%ge alTh% %&d?ﬁseﬁ dlﬂﬂﬁ{s sg@x%lﬂggtfaﬂ m qes&fb@ ghe instant

|y, "iron, are directe
as &hxbu&mantsl—‘arg to H;BundWsmdtdoe oxlytin |ttmgsense azfdtrpk evmmotlyalefined

solid bloc\x}wsﬁe Feduce

t he n&"‘&ﬂn‘g%’% %df’ ‘é%q’ rsgem%:lrd:jegs%ﬁaw nggsp ﬁmﬁ%fiélgnrsenal cttire, material

Wi dtoh adhé bEyoad tHe3copd ofdhe commonly defined meanings. Thus if an element can
be understood in the context of this specification as including more than one
meaning, then its use must be understood as being generic to all possible meanings

supported by the specification and by the word or words describing the element.

[46] The definitions of the words or elements of the embodiments of the herein
described invention and its related embodiments not described are, therefore, defined
in this specification to include not only the combination of elements which are
literally set forth, but all equivalent structure, material or acts for performing
substantially the same function in substantially the same way to obtain substaﬁtially
the same result. In this sense it is therefore contemplated that an equivalent

substitution of two or more elements may be made for any one of the elements in the

11



the width of the original solid block.[44] Fig. 19
shows the cut block in perspective with plus +) and

WORINMI7S) el ectrodes attached for connecti ng PCREIS2HI8{008434
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110 into a circuit of the present machine. Fig. 20

shows the sanme cut block as Fig. 19, but partially

cut-away to better illustrate the |ayers of the

wi ndings. In Figs. 19 and 20 no space i s shown
Sepah@ntifgaddies Whibei f85odihQNENhat at Celbhn& RS bRsBbstituted for
conceptual diagranms where the spaces between adj acent

Wi ndvags mereelements der abl y | ess wi de than the wi ndi ngs

t hensel ves, and the spaces may be filled with an

el ectrical insulator using an el ectro-chenical process

s{EM a€haiges fromphe desegbedTubjectomnptterag siigvepd 1O prssonal il ordinary
be a t ageou t t

the S5l 1 ERGRGHY KRR SfkERetifhd, 3R, SATRATTRRBERRad as being
100 enaiyalbrts swithin the swbpeisf uhg inEBMidnand sts aybtious hmomments Therefore,

coil-like gonfi.guration il e majntaini he h S|n
o oiof sARERSR o BF 40 S pBNoTR DU iy WMo art are
COi |defidédl tane withid thegtspertd theOi2fined élbmeﬁtbdﬂhe ineentiend and its various

Cur PSR o B0 v BP0 1 (roRee A b P ElY fprted and

f 1 OVdescRiBEld atBVE] What $4 edhicerdtdiilly e g alRARRIeIRADS oBEsEdY Batbtituted,
in detail above are consi dere novel over the pr.ior

ar't a6 sk eGRCESARAY BoTBRatcH e GEFeERALIR Rt tegnyaqton
operation of at |east one aspect of one best node

enmbodi ment of the instant invention and to the

48] evehin theomventiondiss beenjdasentied ity biferendevte ot leppfeone preferred
wor [ p Ll h

ot HBEaL b S GRPAG R bF AR TIRE et that he
t he isenten isfot lreited themivon| y deflned meani ngs, but to

i nclude by special definition in this specification:
structure, material or acts beyond the scope of the
commonl y defined nmeanings. Thus if an el enent can be
understood in the context of this specification as

i ncludi ng nore than one neaning, then its use nust be

under stood as being generic to all possible neanings
supported by the specification and by the word or

wor ds describing the elenent. [46] The definitions of

the words or elenents of the enbodi nents of the herein
described invention and its rel ated enbodi ments not

descri bed are, therefore, defined
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in this specification to include not only the
conbi nation of elenents which are literally set forth,
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perform ng substantially the sane function in
substantially the same way to obtain substantially the
sane result. In this sense it is therefore
contenpl ated that an equival ent substitution of two or

nore el ements may be made f qrlaigiyy one of the el enents

in theinvention and its various enbodi ments or that a
siVitt s dampdiit nmay be substituted for two or nore
el enents. [47] Changes fromthe descri bed subject

matter as viewed by a person with ordinary skill in
t ReAaptatingricotRmegietio maching corgnisinged, are expressly

contenpl ated as bei ng equivalents within the scope of
the invention and its various enbodi nents. Therefore, _
obwvubulsr subdsitfiting iaodistahand arpréxammel endsothereo® apd enqvintdd medially
ordinary skill in.the art are def.iped t.o. Wit hj
SRR oo e B QS paB b i i A Bast one
Vv dedring Sete alfinihigne néchredr 2 thendigaltend lo€ thendiawlat axdx] abda commutator is
i ncl ude at i.s specifical i.llustrated and descri bed
aﬁ?f\%.ﬁg a\‘l\%l"@"@%‘&ﬁ%«@b&ﬁ%ﬁ“&%éﬂ&i val ent, what can be

obvi ously substituted, and al so what essentially

i ncorporates the essential idea of the invention. [48 i
WAIBPESIREORIHEAR the Rearig Spi8 &ﬁowgéﬁvte@a%cm%ff@ﬁéﬁeﬁgﬂmd in
t Qudtbict3And ifdBRnléRlyeEmEvhoRMdhMBNt , it is to be

clearly understood by those skilled in the art that
the invention is not limted thereto.dains Wat is
CLHndEithg! Gars éxter(a-xf%omwgnﬁh Gcfe! PRBRANGHY foifRACGH Bfinecting bars at
conprising: a tubu ar axle defining a distal and a

pdistel ered thenaofs theHaterabfods aerampinghaseieandursandysegmenteofcommutator
paj. f i | DOS, omon ring, a coil input
rﬁﬁéﬁ%gﬁg&%g&nggﬁhonelﬁggg?ng set; a fitting is

secured at the distal end of the tubular axle, and a

co tator. i s secured at the oximal end of the .
C R el ol el PR sl R epits formed of
t kil giinsactapingtesat bt etxotivally conductive neiteriatitaed i n t wo

pi eces and i ndependently renovable from axl e,

a plurality of peripheral and sector magnets mounted adjacent to the electromagnetic

coils.

2. The rotating electromagnetic machine of claim 1 assembled with a modular
construction with coil housings of a ferromagnetic material separated into a plurality of
magnetically isolated segments in mutual electrical continuity, whereby hysteresis is

minimized.
3. The rotating electromagnetic machine of claim 1 wherein each of the peripheral and

sector magnets has edges cut in a shape that enables a continuous magnetic pole face and

avoids an alternating magnetic end effect at opposing ends of the magnet, whereby,
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connecting bars extending axially within axle; |atera
rods joined to connecting bars at distal end thereof,
w0 b@ojoegoes al rods conmuti ng between bars and sSPCIER1088/008434
of conmmutator with distal ends joined with |atera
plates; a plurality of electromagnetic coils secured
to the nmounting rings, the coils forned of spira
turns of a single flat strip electrically conductive
Mah&Ick@bddyaiftefts BF e #rtdnfaghbti PREMBRE bRl re@Ald S8 BleWiectrical circuit
magnet s nounted adj acent to the el ectromagnetic coils.
2.therpef. rot ati ng el ectromagneti ¢ machine of claim1
assenbled with a nodul ar construction with coi
housi ngs of a ferromagnetic material separated into a
plurality of magnetically isolated segnents in nutual
el ectrical continuity, whereby hysteresis is
m nimzed. 3. The rotating el ectromagnetic machi ne of
claim1 wherein each of the peripheral and sector
magnets has edges cut in a shape that enables a
conti nuous magnetic pole face and avoi ds an
alternating magnetic end effect at opposing ends of
t he magnet, whereby,induced eddy currents of the
ferromagneti c segnents are returned to the electrica
circuit thereof.



