WD 2007/ 024260 PCT/ US2006/ 006170 Magnetically
Levitated Transport System 5 Background Rel ated
Applications [1] This application clainms international

Rb Worhaad OMm a prior filed U.S. Uility Patent
Appl | hiade O ° ng serial no. 11209916 and erBGHYS2006/006170

"Magnetically Levitated 10 Transport Systent filed on
8/ 22/ 05. Field of the Present Disclosure [2] This

di scl osure rel at es MpsnasicellylIgvitaged dransgort System

not or-generators and nore 15 particularly to a DC

i near el ectromagneti c machi ne operating by electrical
i nduction. Description of Related Art.[3] The
following art defines the present state of the field
of the apparatus described 20 and clained herein: [4]
Tu et al, US 2004/ 0135452, Bickgbwagles a flat rotary

el ectric generator that includes at |east one
toroidal coil structure for cutting magnetic lines to
i nduce a current and at RbletladApgiestiofli Sc- shaped

mag ic . re oriented parallel, t e ...

ol ey TR bRl il Gpeghacipe oY B et ok PR iy Peten
st r uct Appdigation dhagjngc sssihaped lm_gimt tami efxiitled sfmaggsﬁcams Levitated

e mﬁmk& @ 4 or oi coil structures an

g)irsc-s apgﬁg%%netﬁ:iegoggl }0 tructures are arranged in
alternating manner. The toroidal coil structure and

di sc- shaped magnetic | e, structure are not provided
with a permeabl e mat eggglo?ﬂﬁ%gﬁen@{sﬁgwet he tor oi dal

coil structures or the at |east one disc-shaped

magnat i I tructure is rotated by an 30 external .
f_or@%, t] ﬂg& Bockios 1o, edprlle o sletie smpReehagitet et more
151 nes ppdisslantgto b MY lbtelreludgdmadbti AideifdheRing by electrical induction.
PCT/ US2006/ 006170 to generate an induced current.

Neal , US 2002/ 0135263,  discloses a plurality of
- stator arc segnents thBescfigtomogRélgEDAdal core for a
stator assenbly used to make a notor. In a preferred
enbodi nent, a plurality of magnetic fields is created

whef] elThefollosdg aetdefigdithd feseid REleCI et ey @ﬂ%p%ﬁtﬁs described
2}5vound c{ﬁgnd ol.es on the toroidal core. 5 A

honol PEHTEELIREf phase change material substantially
encapsul ates the

[4]  Tuetal, 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

25 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

30 external force, the toroidal coil structure cuts the magnetic lines passing therethrough
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conductors and holds the stator are segnents in
contact with each other in the toroidal core. Hard
di sc drives using the notor, and nethods of

dong the notor and hard disc drives are also
gfkggdozlg%% Rose, US 6803691, discloses an el RGY¥R4{6/006170
machi ne that conprises a magnetically perneabl e
ri ng-shaped core centered on an 10 axis of rotation

and fmag(anélﬁetanﬂnwébdibllrhénp PRes] US 260208952650kikt0sad £ }’E?&fi%dof
tormgc{? Xé? about tge core.and di sposed seq uentlg

al on SEiS At dom ayjorqidal gere ifes St%(ﬂqseﬂ@b’ ysed to make a

i ncl mows Ih\b(préfexdéi‘i LGN, Qnslimgy roeghagrkew RI0OSEAG when
respg Ctlvﬁ%:é si.des .of the core. "Coil-free spaces

exi sTeERL@ERN dyrondusind tpygh wigsgwundarpingd prlss omihe treidal core.
and segondliti Cﬁbdyféfa'ﬂ%§ dnbiide ﬁ%@rlﬁoﬂﬁﬁﬁtﬁﬁy be?x é}sulates

bri dgi str lér e and respectively abut the

15 s%’& ‘%&f%?ﬂgg‘gl b siator grp sqgmenyp gy cevtact wgh %8 piberin the tormdal
di scéops @RrdodikY driled 86Ad B8 Blotok, 3Hnd lﬁ{eﬁﬂds Foh @ Hing P ofoS and

corrprlis/epl of, an out put shaft with one or nore rotors

fi xeMd Ie FRvesare @F‘F@r%i?sedT h&osgh &15t 6898¢P 1s diselesearap electrical
MO U N @&MRink @Hat 'béﬁlﬁﬁsbé)&‘ nia eﬁcdﬁ?%@ﬁﬁe‘aﬁ@ lrlhé/ s g&fj%b% be¥fered og an

housi ng haV|ng rical "coil nounte erein an

is cPSs 0@9"‘%%@(‘,’%\?@ éxally-epppsite sifhe Goilgl aapame sareidally
st at Houthfé orb laie §§€W%€&tnﬁlﬁqlﬁ@Qhe Llfbuﬁl?e@en% ﬁnd:l:t{[g\nbach

the 20 rotor has at | east two oppositel netlz

per rfieH drrludepiyn aids lagp p)@@pdmgéadwélgy tdaeur%smctl m@mp’é@e core.
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. €. Cod-ﬁ‘&)épé%ﬁex%@b&ﬁ@éﬁtadﬁtzen%l@e l%ésdﬁ b?éa + AaPREBLE ke

px?/ds"i)de
non- magnetic void on the other sid e stator

pi eclangesdhas aipieRwierted bY p Bdeingovrdere M teypeamly qbutdh@ﬁrst and
enbodidiB Rided 8f @ icail.! Widhlk, o GSdﬁW dlsPiBset GBNaRERGnal #]atchmg

portion of the pole pi ece. An abut nent prevents t
r ot Fetugiebihatdhrompriseg af an pweut shafywith onp exmere sptors Gxgdjyyaeunted

t he hbcl TREGAR R A6t e@é(in%hﬂtéﬁ ﬁ% botRBA i m%;(eh@auplceﬁh%m
conductivity portion of the pole piece)

r ot dou§ieg ’l‘f‘éﬂj\gé‘t Gyiindriogl qoiltreqveted ithereihendgis clogdl hyceenductivesend

bei ngps. Bhedia cﬁﬁ\’l@&éjﬁat&l})%leriﬁé&sr BbunRA PletdoRn on embodnnent the
Energi zation of the coil with an opposite polarit

y
cur reRE han 8 deast ma_fo r epesitelyo magnetized pmenctts magaets which are
Opp%ﬁﬁlﬁeﬂllﬁﬂlﬁ Hio[iﬁ%ecp‘?%' e ?Qrevéﬁﬁf: HRMe kilte aﬁcfseparated by a non-

nagnetlca Y | at ch e hat p03|t|on
533 rg0eticqyaid |ags the %th%esi%rﬂéimstw Pele rhisce Hhas eityersedric flux

t Or QHRIBHIY @ dnBRnbbdmER rﬁ’a{xha??%lﬁéer BEh the remammg portion of

electronagnetlc core capa generati ng an

el ortpatodapiecsr A aakment siespéschertotn épmfﬂwmgnfgu te thy neiteshposition
energhgéthe rét RhdiBts %%X%gy Qﬁg%& %“% Wo e &Rucifily pokifon of

an outer ousing w
the pole piece). Thus, the rotor is magnetlcally 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
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WO 2007/ 024260 PCT/ US2006/ 006170 | ower end pl ates at
each end. Mounted to the end plates and extendi ng
towards each other are stator pole pieces separated

“t(;a]g)”bzt‘ucmoppo& ng pole piece by an air gap. p/us2006/006170
rmanent magnet rotor is disposed in the air gap and

rmunted on a shaft which in turn is rotatably nounted
in each of the end plates. The permanent magnet rotor
5 qeWRIehé phatefit dactpentl. Momntqucp theeread plates grvesxtendipg topyards each

coverin n uat e

oo o s e SRt Rof e bhRspk BhEbicay i 8. o

cu rﬂr’?ﬁﬁﬁﬁeﬁtﬁnagﬁah rot?lu i ﬁispwsezh mnhg sie pipzaad mdueteé)e!ll é shaflerhich &21

such that each o et

© hemme apeenig st Ko ptsh SRS FatiET Tnd blrhffehP mBe ki

of téoh?néeﬁta? {easlt gw bérinmgent magnetss el oe/etrgasy aa@t@t@ ﬁ;ﬂﬁé the

out put s ever s

o 1 Bipe a3 vt BIPOTRAEg EV R B eOTof Bt e

Id n &fb@u&g@%ﬁaﬂz@s tlé pclﬁat:me@m sucPthef sl efdhe twipold piseaswatiragls ane
I SC| 0Se avin |

St atihe ot <tk g1 b pprlk S s sy B BedpL it n o

vv?l ftbt?quk Eﬁ{elﬁteﬁrb? i datpw shbit. trgevegﬁal pﬁh@t:lmen;d@W raiulteggggersal

stat or pol e ane. o) er nguse

di sef &seloryy %‘}de E‘ft?tﬁﬁaﬁﬁgi Pttt e ?Iﬁl'o%ltel nc‘% dés a erred

rot %b{&ﬁﬂén&%rﬁlﬁﬂl&éc&ﬁdﬁnﬁ mﬁtgm?ﬂens apurnlits of stitonvgtog stator

ﬁ:éﬁ‘%&% 0 ° fnew%\glr gxgre][age & é]hellrgh ’o\%g 9&8&2 b each stator

DI Bole ?laﬁ&t K‘Rﬁﬁ@x‘ﬁ@&ss eflble USI ﬁpmé,ddlmtpm@mlectrgm@gmgtlc motor
erl me

of the rotor s t as
t heﬂwh’gﬁ'é@eé aFRigRRAY ng&rPl‘{rﬁ ]g BRI ctg&rjéll %eggi?&%fthe
POl eSorObrefeh®ly, £ljR6xt MW&&S oppGiterpeles ficg pr‘d} Qe prgnore
the el ectromagnets

ve cifrc

pr ea@@t&aw%%%ﬁ'a@éed@la&?ﬁt %’ tg?}?eﬁ%%f hf %grg@}r 59 thet aosr?aeorfotor

t he ;@O he Wendt dountbd lon2fhe Sulos tagntareibd yeanl the algsl i the

positions of the rotor I

A e R

t he ,PREBGlITdBI4E esatioAship avithothe rrotatiqpe of tiveratast such tthat, for

rotate in a desired directi efl ectiv I

rou etsEely e aneplet positios ﬁf 3 F rﬁ‘?é‘a“" 8“5@5’? shetephfSion

pos 'b%t‘w@&?m’,erl]le Eﬁles fothé/ﬁe&ﬂomﬁgﬂets ahm&iemwgsetsamghmdwéhﬁsﬁotqr wege
evi ce produces a si S

ac c dhegiotes ta TotajiB e fstiret | e‘iﬁ‘@’gq%ge‘ftlge ?Eterlgégﬁeﬁy%d cfisth fotor

ref 'lﬁgfe@&eﬁnﬁlﬁ%ﬁ@ﬁr f)&fﬂoﬁﬁ Thy Grivemtrant mludea'hphcmsgmaive dgrlce

anpl roduce drive current f.0

el ecrhidnpigivees b sigaal; Yasse VAR I8, aoaqrgxgg 552@ etherfpe |g BVI?C is

-

Ot QL. 1199 rérePRl Gront FHeCefictlvd Matatidlc Mha sigedl ris efplified to

|dent|c stator plates, each hay] a )
produce drive current ?or the electromagnets. Wegtpey, 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
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
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plurality of poles, are positioned back to back with
the poles projecting in opposite directions, the
stator pl ates being positioned between a pair of
&%ﬁ@ééal l'y identical 30 stator cups, each&lwbekoos170
g a plurality of poles projecting inwardly
froma back wall with a peripheral side wall
termnating in an outwardly extending flange. A rmajor

sur {RGeuRfl 2eRAN réilbange xh@gnétm patht a®away, t 4565938aakscloses an
one of the stator, plat 07/ 024

o Flosmsarnn Sotic VEheabr B o SIOPL LS A SVt The devige

pat fas £ANGMe, HOGSESBearilp %{éhﬁ%&umrt setoetibleosipft. i magnet
devi ce mhlcﬁ can be used

or..as .a gener af or
The meei e ErondS) aheRle] fgevs HEPALHATS HOLT i FETHE ¢idhe
5 Sup tto aeﬁlﬁtg%tailb hge E&R&E ’incluEl}slsatC lehsd giilﬂ’irst ;ﬁ&ahaza ia bcmtact with
provi ded, and poled to have alter ari
ar e thmmmefdn@ﬁs thadnga geHeR eHGdgRf "’r y Q%F‘%P dﬁ%ﬂ Wfhrenan
dev:p&@ ch'ﬂﬁﬂeﬁ dcﬁ‘sa ﬁ'Et ﬂo%?yt APR8ndludes is 40 Qdast @h@&onch pole shoe in

contact wt net neans, havjn

ext epdiohwith i nsﬂgngt anchian e p Db oRRtng g Y Rt to ¢ ore?
¢ ha%}ﬁl bt potd cidmbd ro? ﬁ:hem&{e@fxdlidfy AHo&ﬁH itar6d ibl @@ dntédsorathe housing
S

| ea secon pol e shoe in tacﬁ mnth(%& %&ﬁdm
10 and ah@haswgn@ngﬁéhwoanﬁ@%fa@ﬁéﬁﬂ?@“?’& paefarty afoupd iy disy
def ISG&l %at Wb iRl pBie! BarftRANbiehe Frst taR@ seolid polp Ghas i stiground

toroid stator |s nmount ed on the hous t
Wi ncnomgss vhiesid orindingsewilh grmivrentighs piiy Eﬁifg%l i Lﬂgfﬁ}F’%atmg
aro ﬁs}h ﬁ/%egﬂssai:e B&LSr eltehl dohaét viith@ha/dtdatérita Idrawaif’écurrent

cha the rst and secon e shoes su
e apwtwbas&@éanrhoremvgﬁ SPERE R epEHy e o

15 alte @&gi N, %'45’9?5091‘ diRlobéah Alebtifhectpaicaldetive whitiaom bameed
provi for €lectrical contact vvlththl@?stato % upport 8
dr avas efifoterier pehEcICIAon et hee 2 Betpingangled edpeaggtogurP
g en Zr%fa{a?fe sheﬂ’{: A%aﬂ‘@f dRc g%kﬁ Rfe ﬂoﬁd Q@W@Bﬁmﬁlﬁﬂm@ﬁﬁw @ethatwo

1, disclgses
eI e claves nEedekTibe magwﬁr@@owﬁdcfﬁpeé% %fé’gﬁgeéan thshaft tofpfine 2

or ar%toial 9E ﬁgsrl?etxgélu&p AMedNhe ﬁrsh?ﬂ@éhﬁ@m dorxadtwdihroge face of each

ring neans to support a abl e, shaf

20 d| s cmzmgtn etdshaging appoitien cxtendingvadigly e Bd{eg‘i“% f’t/)%ofﬁefgmd
the {yo %E viflal $3Ebnarl iR, BRERESC PoIEiAMBEdnd e Also

to face er o the shaft to define a fn . |} "
devi mdudlqdclb udéegstarnemg@gﬁ pelssheg ]nsqonf%q glﬂglthf} othet face of eac

; 8 P: ﬁ%ggt,?etv\%:itdr}nagﬂ g fpgﬁgn %jﬁﬁeﬁcﬁ%;‘raagll}mﬁ&@@&m tA8dind avith prefrred

erefromto defi.ne

y inits
pr ef form @ghair bhvirtpal golp ghambers ofthe sageg poﬁgpyeas thenthss f‘age 'lbtprmdal
.5 L€ SANE ROl ALK bY aRhoid@lghn@ N8 |RGiRes thbr8. 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

30 operate the device as a motor.
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included is at | east one second pole shoe in contact
with the other face of each nmgnet and having a
portion extending radially therefromto define inits
SOhs forma pair of virtual pole chawq?ﬁ%
“gﬁﬁg éwgrlty as the other face. A toroidal 25 g@@?@®%m
is mounted on the housing and has wi ndi ngs thereon.
The stator is positioned annularly around the disc

f n ebﬁwﬁ%? Bt EJA’&B With@batadth Sabrite® hbbv@f&@dﬁbﬁb&hﬂg eléd‘remagnet
second pol e shoes surrou.gfsort 0

w. nigtchines; i bnthc:qlqt@rmefiepr&rﬁwrafpw Thys, Be RHeY %ﬁbs ‘(V% P’d@e“‘&ra

al tﬁ[’cﬁ%ﬁ b&g wﬁtﬂlrﬂx&ta)‘c seYpans i PhwAR] @6 kéel LHIN @ﬁms-sqiole face
draw of f current when, t

op ea@ca@yals 'Ell Qj @harNSnd S pg,lp @@p@gcycmﬂ} éaﬁ{a[j {,(Bf Wl§61ngs, in
Og—r;(?%?g%2?‘8%gﬁﬁlgﬁwé‘tﬁxdacoﬂphpkquémé/@o&mg /t&é’ié{i’lﬁﬂre and with

rior art sear 5}1 ¢ art
abspermetest Hemnek mg@entw@bé\T et Res s0ese, Moot Ble prio

eI e?afilg 9&;%%‘34 l1r%§1c BLiSagdetic RAHheRE @fovﬁﬁsi elg@ﬂ)&fag{eﬁc ﬁelds

rior art shows in t or,oi d
c o r enmrseld in mdn@bleaqe@n@@fgﬁ rages ﬁelf’%\"fpﬁﬂﬁﬁe P‘(A%"t’%%s IEISI}QW“N’

and h% ?zs&?%ﬁaxfaﬁﬁ Gnd Wb @\H&% oFéri’uoIlBy lkctddal indudo® and
3 acency wt radla coil wndings, inb5
Rose we fi nd radially wound coils in sequence around

3\}6:1 or K{h% ng,%rscﬂ%@&gre"\ﬁ&tﬂl IBRE ROCHE PiRO AR pEAEE Hetetofore

acen However, the prior art
f ai hskuben advasthges a$ dqq@wpd @|t@ﬁ0¥1@ﬂﬁ@wma&v machi ne t hat
provi des el ectromagnetic fields imrersed in nonopole
permanent magnet fields of opposite polarities as is
shown in the present app8WB®#E and whi ch provi des
operation by electrical induction. 10 [6] The present
di scl osure distinguishes over the grlor art p%OVI

hEret ofbds disclogwrk ne@vhq:s mm%léssm sanstuction agldige hich giye b 118 to

foll bﬁ%l g mary . 15 [7] This disclosure
t eaches certain ene I'ts in construction and use which
give rise to the objectives described below. [8] The

?iésenﬂw PR fn%}mh ifa 'ﬁﬁgﬂb%kélﬁfallﬁﬂéteh%hip%ﬁegstem showing 2

nsport® system sho
suspended vehicle for carrying passengers and freight fixedly mounted to a

translating portion of the linear motor system of the present invention which has the
functions of providing levitated positioning of the vehicle as well as propulsion and
braking. The translating portion is movably engaged with a long linear ferromagnetic
core which is fixed to railway supports mounted above a ground surface. Other ways
of supporting and suspending the vehicle are clearly possible as well. Electromagnets
are located at opposing sides of a fixed linear ferromagnetic core of a DC linear
electric motor-generator.  These electromagnets, in a typical application are
interconnected initially in parallel electrical interconnection and are later switched to
series electrical interconnection as will be described below. Certain benefits may be

obtained by this ability to switch between parallel and series interconnection.



20 suspended vehicle for carrying passengers and
freight fixedly nounted to a translating portion of
the linear notor system of the present invention which

has functions of providing |evitated pqgitis26vsdsi7o
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hicle as well as propul sion and braking. The
translating portion is novably engaged with a | ong
l'inear ferromagnetic core which is fixed to railway
s[*?p POTA SiirkdRy Bl QtveaRstent i @6 BbiRE dssbritiod efgparals ket muihgdsofase
0

supporting and suspendi the vehicle are clearly
posiﬁit@P@Vlé%a‘g@I‘tﬂg.es E?téaélgli’tg%g%r?é‘f’%m' are | ocated at

opposi ng sides of a fixed linear ferronmagnetic core of

a DC linear electric notgor-generator. .T . .

el16L t rAnotigh @bisctive nis atot Pisyiay a%agﬁcft’iq?ﬁ%“le% r@?ag machine which

| nt ﬁ&%ﬂﬁé‘&&‘iq%#pri:ﬁwswe%ﬂcyaﬂdnemw@!uls'ﬁé eledtieagretiainduction.

i ntercohnection and are later switched to series

el ectrical interconnection as will be described bel ow.
1] 21 D £DERSbickT TS pRRids ARhabiadhinetiehyestatiasspat | | 1y

t witch between parallel and series interconnection.

5 WD 2007/ 024260 PCT/ US2006/ 006170 [9] A primary .

Obj,2Ct L ¥EmbNSd-aR is kdprbiiBe SHORY enatliifcCdabibixdofapoaeriig wiotric

aﬁﬂ&?rre‘%ﬁgtghof ﬁggglsid;pto provi de advant ages not taught

by tehagpueropbraking. [10] Anot her objective is to provide

an el ectromagnetic |linear machine which 5 devel ops a

| i near propul sive force and | eyvitation usin .

el[k5dt r drfarhestabjsciivedigcio; Rpvide puph|a maghine HRPOIE Sf SaRigne @

is to | i | 1NRisyS Bk dlrectitn 6f propasinaegardless of

[12]£%\pd¥)fé¥’t%ﬁ§ﬁ§}gﬁ%gg?%g{%ns to provide sﬁ:f?a machi ne

c apdbdddmbdlance esgaitipeig fre¥Ciofcal 10 energy upon

braking. [13] A further objective is to provide such a

machi ne capabl e of maintaining a . desi lab#éa \1ehi clrg ulsion

orfi4int Atfinther eltiestive infe RigYide Sueh & Wachie F@RYP BHCYT OPE PrOPUSIC

prop, | ir&%k phykied dortath ok sle@@cabéurrent supply.

cent#@%gggﬁﬁﬁgggghggg¥§}g?k15 [14] A further objective

is to provide such a nmachi ne capabl e of devel opi ng

pripgul s btobi WhAchi thatlisr @edatephugini cadrgy
c &gﬁacg @ngl?er g;pﬂctWeﬁg tdBkofiBE GRA 2 aflisr &pe

ectrical” current supply. [15 further .
obj empplied fiom annhoad iperwuersuRly o aﬁﬁé‘ﬁ’i“?x‘é"’{”ﬁ'a%’e‘f gra Etion
opergﬁs%.using energy 20 supplied froman on-board
power” supply or an external power feed, or a
conbi nati on

[16] Other features and advantages of the described apparatus and method of use 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 the presently described apparatus and method of its use.
Brief Description of the Drawings

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

of the present apparatus and method of it use. In such drawings:
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of both. [16] O her features and advantages of the
descri bed apparatus and nethod of use will becone
apparent fromthe followi ng nore detail ed description,
v&&?éﬁ’ﬁdﬂmcom unction 25 with the acconmpanyigeus2006/006170
Wi ngs, which illustrate, by way of exanple, the
principles of the presently described apparatus and
nmet hod of its use. Brief Description of the Draw ngs
3as] 1 Higul® i8GCOSrRGN iohg! diossertipnali dchanstiic atiew af thee prssent

one of the best node enbodinents. . of th resent
appévention SW%‘?W“&?‘%“E wglg %\_/e?qc}]e 85?8?1‘%8 %89\’/1 aFyeport Sy
200 Z4P248 0P ErbbuiSe0 oA Bl the vEildd; Figure 1 is a
vertical frontal cross-sectional schematic view of the
present invention showing a transport systemwth a

VA CligsisRamMbRcheiyiRlsaisalip pRfirteyfduessy and a means
for . propul sion shown above the vehicle; 5 [19] Figure

2 is atable of synbols used in the further figures;

[ fé&% P Qe € is3: dcherRatis ARG dfG fikedQlka Bmiid partidni ofeeld propelsion
static portion of said propul sion system an

el ecystesnaypletiomagneig BpearBety’ ; 10 121] Figure 4 is a
schemati c diagram of a noving or translational portion
of said electromagnetic |inear nptor show ng the .
V11 o1 igisn d g Ecsehae e DD [mopg i SHRAHghg pofn of seid
S C N drfiacHitR I8 moRth bidiifacind Veaidleeh@gedlthersshicini ng t he
principals and operating nmechani sns of the present

i nventi.on and clearly showing the 15 ,

i gézﬁr rﬁé@& ks Q4Sdahdn AB6 HMERA; dnlbezed FiniFig. adhowiy ithregprincipals and
portions of the |inear notor as, vvehl as a%grll bowine the
aut epbratingn aneshanisstsh 2k G PGIent HBverten nd. C15aYY,; foRYme
Des %&R&l&tfbﬂsﬁ&b&@&h fERAnARA VR peftioRad tiiimedr ftor as well as
figures i1llustrate the describhed apparatus and its

met Hoduiefbalgacing mechanispisthe ¥ehelor ts preferred, best
node enbodi nents, which is further defined in detail
in the foll ow ng description. Those having ordi nary
skill in the art may PeUgdiRes¢®lidhke alterations and
nodi fications to what is described herein wthout
departing fromits spirit _and scope.

k Tger eg qr.g, it .
20 mizd] bEheushoue desodedt ing figures illustrate the described apparatus and its

25

30

method of use in at least one of its preferred, best mode embodiments, which is
' further defined in detail in the following description. Those having ordinary skill in
the art may be able to make alterations and modifications to what is described herein
without departing from its spirit and scope. Therefore, it must be understood that
what is illustrated is set forth only for the purposes of example and that it should not

be taken as a limitation in the scope of the present apparatus and its method of use.

[24] Figs. 1-5 are views of the presently described apparatus operating according to
principals that represent an important application as an extension to the apparatus
defined in U.S. application serial number 11200920 filed on 09 AUG 2005, and

which embodies a common theoretical basis therewith.
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25 what is illustrated is set forth only for the
pur poses of exanple and that it should not be taken
as alimtation in the scope of the present apparatus

and |1s thod of use. [24] Figs. 1-5 are \Vi@cays2006/006170
W%@OB{’Z@% ntly described apparatus operating according

to principals that represent an inportant application
as an extension to the apparatus 30 defined in U S.

g[gg;' | @At i 0N, SEkibel vIRWNETeS mAshRAIBPBifaiddthnsport GYstontchowing
5, and whi

n ich enbodies a commpn t.h t4 '

t hesuspenged. vehiakp 120@?/%5&2%@3%@??”65?80%}9 csﬁ’&/:‘giy {@%ﬂt& o
Fi Oy rarbiafod 182 SEHE pRAG invbiftioh O Trabsliraghictis amivibly engegerl anithch
transport system show ng suspended eﬁ? cl.%algg%%ﬁszo one
car stylbnylp@s%l@r‘?géwﬂhﬁ‘k?*}”émgwpw fsfé‘a t?rﬁ‘ouﬁ't o™
traps| aiR rbe%é%h&fm faBig T @s@Mo dnd\ertehding upwWardip stoat @ground
14271 s  novably enga eg Wi th

a stator,141.as wil|
dosenbed. RShwane Epaetig 1d Sypeding dhé 1§ °3‘?a‘<}ms%’p18‘§§'?§°
20, o eof%ki‘ﬂfin W gﬁ anpﬁé}nﬂ- efpRY Witholti dgviatingffioxettie intensions of
ext éhna? ng upwardly froma ground surface 5. O her
\/\/aymedrﬁvesuiqm@dﬂkﬁ@*ﬂ%’ﬁ@e@%%&tﬁff’wﬁs't he vehicle will be
known to those of skill in the art and may be

enpl oyed wi thout deviating fromthe.inptensions

i [A6pNtHipS ian dclﬁmetifdém@%ﬁ%@ﬁ?mﬁf‘g é“Sg‘Bﬁ ‘B‘é?ﬁ@‘e‘éﬁ‘t’%sg ifm
[ 26] _Fig. ' | $nd!TEREERE MHe atablo Bpamhehitinthe triibyvay
i nsts%og?dnée%@@%%y&sigﬂt}gm suppor nﬁ%\%ﬁb TR
suppetitls 18 toaesd The gletes bt is shope S‘?’F‘é‘&‘?{’aﬁ’bo f%?? e

ral |y Mehi Ghid HolSPYstrol N8, SickiGih Figh thesstathronomprises 2
scheéhaiical y.

e present enablenent ,is a

. | i near.
el edineircemastod eleienmmgrgiot4? imercmesies l?ynw1pfl1§gs légtcxwgre GH is a

stat 9 (SES @ tals SEBS bRSroRfag®ks© L47T erBgpesested by
147 PG e ik, 8 %{? élvls%éd&rilngs 148 wher e @gch is a. 15

cel | re@inghlaebaxescEhos alongifhs ton ofgheandirgraa aw RE¥TirAURRETEPS! &

tl thg e S;er@? [oﬁ&?ﬁ&eﬁie Bk (R ABQUAIG: 186%6%m Bhasediadamgre

e diragram ar e physically positjo to .
t he Meitdd Iveibontadlytie the déft aklaichtrof dhe GGFY o thes ks @ﬁglntge Yehiste
bot t of the diag Sfleipfijeaontal ly to the
Ieftgd%ﬂversf’gﬁﬁfhcoeﬁ’ Pﬁglegtg‘%%ag}} oé t he ?griack. Until the
vehicle 10 arrives at each cell, the el ectromagnets

B N RrBE, Fh B s o s 1
t he stator 141. At the left of Fig. 4 we see the identical condition of the several
electromagnets 147 as in Fig. 3. Now, the translator 142 carries a plurality of
eleciromagnets 147 which interact with those of the stator 141 as will be described.
As the vehicle approaches each cell of the stator, the cell is automatically switched to
receive current to that each cell is energized. As the translator 142 passes the
energized cells it is levitated. Inductive interaction between stator 141 and translator

142 produced electromotive force which drives the vehicle forward.

30 [28] InFig. 5, it is shown that the stator’s electomagnets 147 are located laterally with

respect to the axis of travel at both edges of a curved iriangular shaped linear
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stator 141. At the left of Fig. 4 we see the identical

condition of the several electromagnets 147 as in

Fig. 3. Now, the translator 142 carries a plurality of
gnets 147 which interact with thos

@@%@9@1 as W Il be described. 25 As the ?g Ifucs?dg@/oosm

approaches each cell of the stator, the cell is

automatically switched to receive current to that

eacfréfigneticScorN e410iane dlso A5 ité hgext rEoesl eitcrmaghts Jd3 swy be

the, energized cells it is leyjt ' .
|t BIeERRIRS oiise i e fs b A inad 87 460 bifGope. The
]|¢or oﬁﬁg,gggnglocﬁf‘e; 18431m|;')é;sl a\gﬁnﬁ@b@egewbﬁm a;ﬁbrtbmdﬁz.t Wéindingsi 148 @re
orwar d. n Flg.. 9, It 1.S sho t hat. t he
st aleidy wighip frdt nsTig 162 %i‘ﬂ‘g“gé 148 [fy st %0\3@ lﬁ)t%% F %ﬁ“lﬁyar?}m"nf‘ e
I eSREGhadnet coRA48dn8 iiRfelcbitcbghetal47pot h edges of a
curved triangul ar shaped |inear 8 WD 2007/024260
PCT/ US2006/ 006170 ferronmagnetic core 141" and al so at

i[26] 2RBXlincAi RS EnMNEE dRIPEARE Sstir TasRywrfer each segment of this
i nt'erconnected in series or

, ) : arallel as w.l|
det ¥rishrabee g i slectEeqly &@f?ﬂé&&f@#ﬁ% Se“F%?’%a‘}é’gﬁaé@’%é $y et the
14101354 & £ okt it RibFcoRRiclidangE Allan apRhdralrpotddidn switch where
Wndings 148 are laid wthin ,this aper

s ture 162. ., . .
W nerch §€ theagpils Sasthg seps RSy ée't?“re’i%it’ia“g%o FRBPefif, devitasion,
f er LORRBOSH pfRliBioA41" and the el ectromagnets 147. [29]
The | i near fperromagneti C core's wiring system as
shown for each segnment of this vertebral colum is

ehELt ik £13] § We IHRE SIS NUREERSEnbAWERE h8& sevdehl Qinctions. First, the
parall el "so that e _ COi '

t he, s e%m,a shortdcut o direct

i nt electiomaeetsi 14PA apiicqilidR isijeridl sprics acrdehaddn Puatips firec

WhepgrehPwRatheizel NERMN Qs trBRsonbl & therBiof 141C Bb@Ad, a pulsed
i.e., energy transfer, magnetic levitation, uILda.nge

42#. his induced

andeiprenpis fnsiesd intp Sispramegnstyl474” feelarppagngs d 473

el CElrA R ARG Bl eRctRa BeviRY & B trdndRifef 142%8d ithé Bdhicle 10.
the e ectrorra%ne.ts 147A and coil 148 in stator 141 _
car Eleeizonegaski 147Raiteragt with destromagngts 1478 to prpvide dgfprplatability

whi o i ; !
%girc%%g}f%' og‘gl% otn ’latgl 14208 s&lof £41 mga%mg%giesgﬂ’m interact

sta a pul'sed current is in .into

el ewdth csiertomignets JAAC’ By mdintein rloviationeerd Yeriigal stabilgy of the
i nduce feedi S 1 ECHI I, 8k Leal ]

on PReHey SRl 4ERGHRR  MicBlo Rl bl Wi iR
El et47D5 whiphetast WithiBils 8o providevintietivs destrowptingrferces. 1478
to provide lateral stability and centering of the
translator 142 on stator 141. Al so, electromagnets
1BTE iBMceomaghets 147A°, 147B° and 147C° have permanent magnet cores to

provide levitation and stability in the absence of electrical cusrent and in the absence

of forward motion when no induction of current is available to the translator 142.

[32] Additionally, the mobile portion provides a load support & auto balance assembly
190 which sustains the load, i.e., passengers, freight and enables the vehicle 10 to tilt

according to necessity of traversing curves.
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20 wth electromagnets 147C to maintain |evitation
and vertical stability of the translator 142 about
stator 141. Propul sive force is provided by |arge
gnets 147D which react with coil
“gir?gjg /chgglﬁnduct ive el ectronotive forces. [31:?1,(:;1%%260@/006170
El ectromagnets 147A', 1478 and 147C have permanent
magnet cores to 25 pr ovi de I evitatiagn ndﬁeﬁt abi|it

i (331 h&Thg lowabtements flesatibed dy detadl a beysraFesonst oF the pr%r art
abs QRELrahd B {éﬁ&@eré@&lt@ﬂ tm&rbp@ﬁttémgmtwaﬁlfb&faspect of the

current i s aval le to the translator 14

Addiappactis| nd, itst methofbi v 496 e itisnachievRt &f the{ahip desribed
S up Q)Pfegtgés aﬂte%&?&l ROCH 138 §RAREVon tl)gigscWBé b inStaft s?dbﬁ&ments

, passengers, freight and e

v e h jats] te be @ndetﬁtqqdlmt OmBOIABL R ‘ﬁg‘etf SORBERE g?‘%’ﬁs S'Fanmgs’ but
traye l'u&‘egb Fc\l'zﬁ ﬁeﬁn%to% Q4 B4R Ostinbhlie U 94 6:0036 bdfdnd

[ 33] ements described in detail above are

¢ on ShckeprschT o mIgply defined mspqings. B gn elemegh @n hp grdgpstpod
congj gery ?&e okt %Emﬁ&tt&h& iR th@B thah ofd méaRIE] theBs use

aspec aratus and its method of use an lt B
¢ he ratsh be vedresodg e geeiretocrls spiBlE meapiipte 8PP ¥ the

The b e Waldor ¥BRS LisAMg BPelbMnglescr i be the
instgﬁtm%gtrlﬁooggﬁtn?s 5 zftre tosbe ugnderst ood not only in
the sense of their commonly defined neanings, but to

Eu Othe R ARAGE lthedﬁcfr&%rtdrﬁﬂné &erﬁéﬁtssde&@iﬁé‘d hdr&iR bleQisant to
s cture, materital or acts beyond K the scqpe of

co mmhtdy ng Py dleg tpERiatieps of epmpgltsl whigharg |li tse(:g)ﬁthb@t all
|u 22%&%@8&1@ strt'rcﬂlré Iﬁ%t&ﬁmr%fs £of petf&'nﬁngsﬁﬁﬁétftlhl@ﬁ&b @a{ineﬂﬁmctlon

I Ng nore han one meani ng, then its use nmnust be,

undédn stbstentially ﬂrbemweg'éﬁ elvtpia sybstagtiafly he surasewit e ahis prgee it is
o pgger %&g S %ffllﬂﬁed ft]th eﬁlﬁﬁﬁr‘\/;lérﬁ Hsf?tﬁtx&hr@ +RY of MBre\WRinfén®may

| enent 34] The definitions of

t he baorads fop ﬂnsdcrnawftbg ebmemfe ﬁftsgr'lhgémdrltswaoqﬁéméﬂrmﬁ%or that a
nmea shéits i@ B clgfm. el ement s
whi gngg‘r%ge elﬂtfrléé'j%@ s&%&tg?ﬁ?&éﬁﬁ@rn%d&?@a [ ° eqﬁl val ent
structure mat er i aI or acts for perform ng
gt aéﬁah%aw o 148 BRHE LURGIAMAL hesyibild Y5 bl it dtdinary
e"samne to obtaln substantially thé same resul
| n tShlllslnﬁhthsm now knowntdsdpterf @v@ed;m@nwssé}t eqalterwedafﬁ being
eqU| @Lﬁ%htt s SHBR! b %6 n BdeV\Qldoi'ts VaoGs %tnﬁ&ﬁtﬁgrﬁs n‘mérefore,
or ‘any one e el enments described and it
var |0bwsusewb5¢dtltmmn@vv @r latterlr dnown tospegiith efiapry rﬁkﬂlma;theow are

SUDS{Edd 46 8e fvthin VQcdde oFRE Qefilef B, Mllis AisElbirdls 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.
[36] The scope of this description is to be interpreted only in conjunction with the

appended claims and it is made clear, here, that each named inventor believes that the

claimed subject matter is what is intended to be patented.

10



20 [35] Changes fromthe clained subject matter as
viewed by a person with ordinary skill in the art,
now known or | ater devised, are expressiy contenpl ated
as being equivalents within the scope intended and
its various enbodi nents. Therefore, obvious
substitutions now or |later known to one with ordinary
skill in the art are defiopgghsto be within the scope
of the defined elenents. This disclosure is thus neant
2Whelgs gleinfder st ood to include what is specifically
illustrated and descri bed above, what is conceptually
equi val ent, what can be obviously substituted, and
al'so vihaeenetierdlsipyiiatad BansperbansesBREPmpPriSnteas. [36] The
scope Of.pf R sﬁsp‘{iﬁ&e% rb'eﬁw c@t?an'sl%t& ghé)@ar)[sﬂ{& [N e d}e £hot %ti Yvithhn
conj unction w't 0 appen al ns an

neloegatsl etator, the ﬁ‘@zortﬂaame gathreerrided dovterveirioio purtaet |am%mafeiy

Q%\E)%ﬁaq ei? cgr%f(?raﬂﬁ%baﬁ%&céacm ht% rthljeg' 51 s r%’e ﬂées ?tlgtg'lt s%ﬁg%doemg

nagua&nnah@ythfmmmameQHMn@mﬁﬁuw$aapp@aﬁtmamgﬂﬁppMSﬁn@k@
a_.vehicle.s d bel ow a translator, the transl ator
rRVADTS eH §8§‘ th an elongate stator, the stator
havi nghathBlkeehavided taud-ddedsihatiior sfucs a;si;:eoxmlately manoulax in

pr.oxi nmat el tri confo tion
Bt & st oL e Sy 6 B FeBT b Ty BRooia fhgver i
CHRFAYR sidas SBPCansllde inSH @t foxBRPH itled sitlds of Melstmgs
around a ferromagnetic core formng lural stato

eIectﬁ%ﬁﬁéﬁé%§he?ﬁ§m¥¥£H§V§P%PhﬁﬂJﬁﬁﬂ§8r@ﬁ?@gm§F§éH°”HMI

| QRS kA6 SULERESeaPProxi matel y triangular in

conformation, With each of the three sides of the

t r ans|thy 8AI08 aRd Hewlae drgUeBrImel AArSZEh Ry electiral Qg such

ot att IB%HE{I @f@:ﬁéﬂﬁﬁ)ﬁ) 'Betkﬁ@en%t%éreanﬁ X419t ¥iedtRntabetSlet@fesOenters
e stator e sides of the translator presenting

pandmacbwctqs anshlaionto ¢ tushmiyhietas nvexeralong fs stins

stator el ectromagnets; the stator and transl ator

el ectromagnets energi zed by electrical currents such

that rignatpietus egfutlginon, b@ﬁmﬂembs&HMEregmmnmwnﬁsp@muﬁea

el ect,fonm nets |evit e d vicde

pcre(r)ltbzbl[ P cing Lectr?m%n gtl él% 1ze,rd 5 d1r%§a?&1[egt lfoq éf%nsla‘]“l%n and

threkisg alieorranslator, and at least one pair of laterally positioned eiecﬁomagnets

energized by direct current for centering and levitating the translator about the stator.
3. The apparatus of claim 2, wherein the stator electromagnets comprise a plurality
of stator cells arranged in side-by-side positions along a direction of travel of the

translator.
4. The apparatus of claim 3, wherein each of the cells is switched to receive the
direct current by a proximity switch associated with the presence of the translator as it

moves along the stator.

5. The apparatus of any one of claims 2-4, wherein the direct current received by

the electrical circuit of the stator is derived from a pulsed current waveform.

11



2. The apparatus of claim 1, wherein the stator

el ectronmagnets conprise a centrally positioned

el ectromagnet energi zed by direct current for
translating and braking the translator, and at | east
one pair of laterally positioned el ectronmagnets
energi zed by direct current for centering and

| @vi t athi Ngpd:-figs bf égﬁ bt &F thaBedtout R@iSE, abiRFein The sdlfoids are
apparatus of clam 2, wherein the stator,electnogﬁgnets

coRisized g0 shap thersarfagey of e satatrasy of @t PRPOSIES BAGHC Pty with
SlgRehy uRisfencp05idd easiakong a direction of travel of
th translator. 4. The apparatus of claim 3, wherein
each of the cells is switched to receive the direct
current b i,m,t i ' AWML d
o eserits p L SF ik e Y A BrelBRE Kl ) depamr o0
straskior dectFhegrappanatpasnafntamgenshecors wherphys lgitation and
wher.ei n.the direct current. recei : Is
el b S B e B RO R RO e e R
webgafco nhforwatd mtiodMWwhendpgatiat wsrend agmpt pnéuced. t he

previ ous clains, wherein the sol enoids are energized
so that the surfaces of the stator are of an opposite
magnetic polarity with respect to the surfaces of the
translator. 7. The apparatus of any one of the
previous clains, wherein the stator and transl ator

el ectromagnet s have pernmanent magnet cores whereby
levitation and stability of the apparatus is

mai ntai ned in the absence of electrical current and in
the absence of forward notion when induction currents
are not produced. 12



