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i nventi orwpeBad4ss2 t o apparatus, systens and net hods for moTiUsg2/ogRCt S.
More particularly, the invention relates to levitating, accelerating and
decel erating objects with reduced friction and increased efficiency.
Description of the Related Art 10 Magnetically levitated trains, conveyor

systens and related neans of transportati on have been attenpted nmany tines
in the past few APPARATUSR, SYSSENSIANIG MiEOWICIS it LEMITATEING nmeans of
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4,805,761 to Totsch; 15 and U. S. Patent No. 5,601,029 to CGeraghty et al.
These systens operate on the general property that nagnets having |ike

pol ari ti es BAQKGRAUNDIORETHEANYENH@MNt S havi ng opposite polarities

attract each other. Notwi thstanding the fact that patent applications have
been filed for such systens for decades, a system for noving people and

cargo that %%%\@&Mq{er real world conditions has yet 20 to be
devel oped. E | NVENTI ON The present invention is directed
towar ds mppar at us, SyRHeelimveniion ratdieed®m fappalstus! sisleghanmdaatthedatfong

objects. In particular, enbodinents of the present invention allow objects
to be nagnéfeyagl phiesis.t at Merangarticeiariyagha | taentiornc selptasatted leyitatingespect
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Description of the Related Art

10 Magnetically levitated trains, conveyor systems and related
means of transportation have been attempted many times in the past few
decades in an effort to provide more efficient means of transportation for
individuals and cargo. A few examples of such systems can be seen in U.S.
Patent No. 4,356,772 to van der Heide; U.S. Patent No. 4,805,761 to Totsch;

15 and U.S. Patent No. 5,601,029 to Geraghty et al. These systems operate on
the general property that magnets having like polarities repel each other, and
magnets having opposite polarities attract each other. Notwithstanding the fact
that patent applications have been filed for such systems for decades, a system
for moving people and cargo that is viable under real world conditions has yet

20 to be developed.

SUMMARY OF THE INVENTION
The present invention is directed towards apparatus, systems and
methods for levitating and accelerating objects. In particular, embodiments of
the present invention allow objects to be magnetically levitated and
25 magnetically accelerated with respect to raiis, such as train tracks.
In one ernbodiment, the system incorporates a number of lower

rails spaced laterally apart from each other, and an object having a number of



upper rails aligned with the lower rails. The |l ower rails have pernmanent
magnets abutted one agai nst the next and aligned such that the upper
surface wDoBlesshower rail has a uniformpolarity al ong i PE€TIESayLte8s The

|l ower rail also has a ferrous backing plate that el ectroconductively

coupl es the permanent magnets 5 along the length of the track. The upper
rails have a nunber of permanent magnets aligned to oppose the magnets in
the lower rails to levitate the object. The upper rails also have a
ferrous bacupper mikst alighed twillt dheulowievetajiscolibie tewer hails heveapemansynet s.
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el ectroconductive material, such as copper or alum num The disc is

connect ed tibetpasmethieat magsety transported, and rotates with respect to the
20 object. The disc carrjes nupber ermanen nets.. The, di .
positioned such that H%”\Séreﬁ% @e%éf}gfesmé(pgﬁ?rh Cgﬁg)srge%raowwpg{/%fg@he
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currents t heachabereer atumbernel pbjreanerdl magnetse atitmed! near litsi wprerdsurdacd.on
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configured to align with the first rails. The second rails have permanent

15 magnets mounted thereon that are oriented to oppose the polarity of the
magnets in the first rails. Consequently, the object levitates above the first rails.

The third rail extends along the length of the first rails. The third rail is made

from an electroconductive material, such as copper or alurninum. The disc is
connecied to the object being transported, and rotates with respect to the

20 object. The disc carries a number of permanent magnets. The disc is
positioned such that the permanent magnets are in close proximity to the third

rail during operation. Rotation of the disc, and more importantly the permanent

. magnets, in the proximity of the third rail results in eddy currents that accelerate

the object along the third rail in a direction opposite the relative rotation of the

25 disc.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an isometric view of a track and a cart levitating above
the track accerding to one embodiment of the present invention:

Figure 2 is an isometric view of the cart of Figure 1.

o



2 WD 03/004302 PCT/ US02/ 21088 Figure 3 is an isonetric view of the cart of
Figure 2 with a platform renoved therefrom Figure 4 is an end view of a
porti on oWotohwog3nack and cart of Figure 1. 5 Figure 5 ispran/usozizmiew of
the track and cart of Figure 1. Figure 6 is an isonetric view of a drive
assenbly of the cart of Figure 1. Figure 7 is a sectional elevation view
of a disc fromthe drive assenbly of Figure 6 engaged wth a third rail of
the track of Figure 1, sho 10 ann a di rlc CtIO ur.e is a
si de view of one of tHEUH d%a'BFSqu%ftﬁ' iew o %%3‘?.1 Q%ﬁ Wi g@%\ﬁ%ﬁma
track and fi alternate enbodi nent of the present invention.

Fi gure 9A ?rgﬁg{]vgg ﬁz%llrgé@gnw ew of a portion of the cart of Figure 9. 15

Figure 10 is a cross-Fgatd 9mahn\éngdwiel dflrepedioh aifth&itgiek earfd, cart efEidural ong
Section 10-10. Figure 11A is a schematic view of the portion of the cart of
Fi gure 10, shown in a disengaged configuration. Figure 11 B is the portion

of the rt of Figure-. S in. figuration. Figure 12
is an eﬁ% view of a ?é@'@" %?éqé)mﬂg vg%@gﬁﬁ‘g @Q@ggﬁ&'ﬁﬂ@%@ 119
illustrating a braki riggst 8gndmisdnsbtae NER &St &@'ﬁ'ﬁ/b%ﬁs@ﬁw&ﬂ of theWwft &8 i S
the portion of the track and cart of Figure 12, shown wth the braking

system i n drigemghged confl guratl on. 25 Figure 14 is a pl an vi ew of a magnet
?ﬁzegg%ez rggstekrlﬁe)l ;ad'—t ure 7F|s a sec?onal gf‘évatlc}r? VIIeSWaO 5°8i8¢ Ct 't réa!drl\\//é ew of
assembly of Figure 6 engaged with a third rail of the track of Figure 1, shown
10 along a diametric section.
Figure 8 is a side view of one of the discs of Figure 7.
Figure 9 is an end view of a track and a cart from an alternate
embodiment of the present invention.
Figure 9A is an enlarged view of a portion of the cart of Figure 9.
15 Figure 10 is a cross-sectional view of the cart of Figure 9, viewed
along Section 10-10.
Figure 11A is a schematic view of the portion of the cart of
Figure 10, shown in a disengaged configuration.
Figure 11B is the portion of the cart of Figure 11A, shown in an
20 engaged configuration.
Figure 12 is an end view of a portion of the track and cart of
Figure 9, illustrating a braking system in a disengaged configuration.
Figure 13 is the portion of the track and cart of Figure 12, shown
with the braking system in an engaged configuration.
25 - Figure 14 is a plan view of a magnet assembly from the cart of
Figure 9.
Figure 15 is a cross-sectional view of the magnet assembly of
Figure 14, viewed along Section 15-15.
Figure 16 is a plan view schemaitically illustrating a cart. having

30 magnets aligned for travel around a cormer.



Figure 14, viewed along Section 15-15. Figure 16 is a plan view

schematically illustrating a cart. having 30 nagnets aligned for travel
around a woripe04308 WO 03/ 004302 PCT/ US02/ 21088 Figure 17PCI/Us0pRmss vi ew
schematically illustrating a cart having magnets aligned for |inear

travel . DETAI LED DESCRI PTI ON OF THE | LLUSTRATED EMBCODI MENTS . The present
detail ed description is generally directed toward 5 systens, apparatus and
met hods for levitating a cart or other object above a track, and for

accel erating the obj d%gum' th is ec pleat view spleemeatiexlly Bostrating aepdddiadng s of

t he present | nve an individual to levitate an object above

L. | |
a track, adgPd g%@éﬁ%&?‘%@é%w@(‘ﬁbl erate the object, all w thout

contacting the track. Accordingly, such enbodi nents can provide highly 10
efficient transportation neans for individuals or cargo. Many specific
det ai | s of DEBAL&D)DESCRIREAQN Off THRILLUSARATED &MBEORIMENMTS i n t he

follow ng descriptio and in Figures 1-17 to provide t horou

under st andi ng of sucﬁ'@’rtﬂf@?ﬁ'@npg’?a”e%é%wm% 1$ rgef"??églé}f té}rer?&%gvt@war% |
under st and | | : - i g | ts or
my be. o ad R and MPRche Tl Y all & B4, ORer cBipRe CiieRe! s

fol |l owi ng deskr igeid dor docglaratirly ithe usihjeet edtha reyséctntol @hé& ofradlevi Savemd and

accel erating objects. The system 10 incorporates a track 12 and a cart 14
conf i gur ed &Podigeats ehdhe wiesant inventien thay aipweani iBAViduah tpdeyitaie a t he

track. The tr ' rates ' S [ ksl

i fvi g 1 st Bbe, & YRk ARG el el Aha TR Ind Bty A thole .
and the drdovtduingatte kfack € AvsRaiigdd Buckh &vpbaimattsf e i faside0 higraged
apart fromeach other along a length of track 12. The footings 20 are

anchor € t effidientgransnpriationgsaansforindivitiads oogarge. t Manyrspecifigedetaily ofig

rail 18 10 oS, bhitSHBb A, oEFRoERRSn ofe TRHRSAH i AE Wldihg ddierbaSh no°
and in Figures 1-17 to provide a thorough understanding of such embodiments.
One skilled in the art, however, will understand that the present invention may
have-additional embodiments or may be practiced without several of the details

15 described in the following description.

Figure 1 illustrates a system 10 for Ievitéting and accelerating
objects. The system 10 incorporates a track 12 and a cart 14 configured to
move longitudinally in either direction with respect to the track. The track 12
incorporates a pair of supporting rails 16 and a driving rail 18.

20 In the illustraied embodiment, the supporting rails 16 and the
driving rail 18 are supported by a number of footings 20 spaced apart from each
other along a length of track 12. The footings 20 are anchored to the ground as
generally understood in the art. The driving rail 18 in the illustrated
embodiment is mounted directly to the footings 20, such as by a flange formed

25 at the lower edge of the driving rail. The illustrated driving rail 18 is centrally
located along the length of each of the footings 20. Depending on the particular
design of the cart 14, however, it is envisioned that the driving rail 18 can be
positioned at other locations inside, outside, above and below the supporting

rails 16, as would be appreciated by one of ordinary skill in the relevant art.



25 at the lower edge of the driving rail. The illustrated driving rail 18
Is centrally Ilocated along the Iength of each of the footings 20.

Dependi ngwonspbwsoparti cul ar design of the cart 14, howev@CT/Usp221988
envisioned that the driving rail 18 can be positioned at other |ocations
I nsi de, outside, above and bel ow the supporting rails 16, as would be
appreci ated by one of ordinary skill in the relevant art. 4 WO 03/004302
PCT/ US02/ 21088 In the illustrated enbodi ment, the supporting rails 16 are
coupl ed to the footilngbediudirated emtnstiment, 3be tssippertmgdrails ddkatescauplednd

extend al o ORPOSI N nds of the f.ootings. W th t driving , rail 18,
ovever - i tas SuaGRopg (R DEMARE ot PEsh 2 kb ek 28 it Fefenar Jougi 1
in the art isthcPBRES T &hE foStindte WaPRfth SHEf i@ raifash helvevBE GiHBRefti ng
rails 16 carries a nunber of permanent magnets extendi ng al ong an

oper abl e paonifigaratibnistase posaipid).asl and bioridinary tskilltie dhe atiodould rrpprediate.

per manent nmagnets 26 _n the supporti rails 16 are all of conmon
| ength. °The il ustrat h’é’Pﬁﬁﬁé‘E‘}écerﬂﬁggé@@ 0f ghgr SURRAtIRG) ra&%ﬁﬁsf’ar@&éha ot her

I t he | . ' ' s 1 hat i
SufT Lot ont 1Mok B pbRfiahédihiabRelsood bREMIG BiohE NGl BERII 3! o
track. The |@egthandnt thradihdtited anbodimernt) e Spermartemit magaetls @8giretthal ong

t he respective supporti H_g rail 16 has its polarity_ vertically aligned with
t he adj acerfupperiifghéails ARgae all aha ¢emewrolendgdippr &be alldstratadt permanentot

Mvent: on (BROpEFY P bTRAA o ECE R Aand B i b € HaghOl2 G s
an examy e Rbvideea Phadesticefbreariest res\ifficibhBy icepstaning ehdpisthé hpst4ase the

cart 14 according to this particular enbodi nent of the present invention.
The cart 14noyesmestilyedorg e traclof Toppearmanesit qragnets 262@exianded apaht to
gprer al LY a0y b HRRR A0 Yo el b RoL . WB2Rb 1B by
:gggl as st 8RkticdlyNflighBd eWithl $heT abijae8nelUsérnidriht C Aadiets. S UM inb&Rkok OF
appreciates that it is not necessary that every permanent magnet 26 be aligned
15 in order for the invention to operate. The illustrated embodiment, however, is
provided as an example of one preferred embodiment.

Figures 2 and 3 best illustrate the cart 14 according to this
particular embodiment of the present invention. The cart 14 incorporates a pair
of opposing side rails 28 spaced apart to generally align with the supporting

20 rails 16 on the track 12. In the illustrated embodiment, the side rails are made
from a ferrous material such as steel. Other materials of like qualities can be
substituted for steel.

Attached to the underside of each of the side rails 28 is another
set of permanent magnets 30 that align with the permanent magnets 26 on the

25 supporting rails 16 when the cart 14 is engaged with the track 12. In the
illustrated embodiment, the permanent magnets 30 in the side rails 28 are all of
a common length. The length of each permanent magnet 26 in the supporting
rail 16 is different, in this case longer, than the length of the permanent magnet
30 in the side rail 28. One of ordinary skill in the art, after reviewing this
30 disclosure, will immediately appreciate that the difference in length prevents. two

adjacent seams in the support rail permanent magnets 26 from simultaneously

5



Attached to the underside of each of the side rails 28 is another set of
permanent nmagnets 30 that align with the permanent magnets 26 on the 25
supporti rgoraiods016 when the cart 14 is engaged with the Pcaaisod2084 n t he
il lustrated enbodi nent, the permanent magnets 30 in the side rails 28 are
all of a comon length. The length of each permanent nmagnet 26 in the
supporting rail 16 is different, in this case |longer, than the | ength of
the permanent nmagnet 30 in the side rail 28. One of ordinary skill in the
art; after aligningwvitlh twai adjgcerti saans in &)e wide railnpermanest ynagisie S0adlus hat

the difference.in |length prevents,, twd. _adjacent se in.the pport rail
per manent YGRS MA0RGHS, RgF: aThe (paRenheant s tbanaee) tb bt

al i gni ng WidrigntePwitfli tAER ol SRRFBo pib&itB&oSthege Iohitthe B@Frﬂaﬁ@rﬁltmE?ﬁé'@t% 8o,
thus avoi ding magnetic coggi ng. The permanent nmagnets 30 on the cart 14

are ori enttee suppdrtingeails g6l ks airesulbghesiatte14 eVithtesealwivet the tpmknbhein

t 6 of t tl ils 16. As , b 14 | evjt at
Tbove ¢t thedistted RrBoniiadnt fir Pednaneihitearant ateried B e Tlgne:
30 attachegg g.d Qﬁuﬁédjﬁg&gé\éeérnstftﬁg?{e@d.abltﬁé fR RS bhsted *P.%Wéggk- thihe

I nvent or appreci at es, these permanent nagnets ne not be in
contact w tthesspbrmodmatt rhagndtbdeedrriot bé intconit@st avith sasiodtner fatehecart 1he
track 12. The cart 14 has a platform 32 (Figure 2) for carrying individuals
or 10 obj dehaveampplbside oventBattrask thn be configured for carrying cargo

oL PECPLC,, SnS. 25 TRl 1405 PHEHPEDEO0D BT gt o

configurations. For ‘eXanple, orm rain

car or o C¥bsctEoniy ?l%rsent Hvbﬂm')ﬁ%antlf%?c@hﬁ%ﬁr@ﬂﬁbﬁaaﬁ?idgt&wgﬁ@rrtpebﬂ)l@an be
sized for carrying only small objects. 15 The sides of the cart 14 have a

nunber of raold, @ BBUpHieplaifpant32 cambaveisswidg witply BE ceafiguratiens.efer 36
are positiaoned to contact.the supponti rails, 16 shoul d the cart .move out
of “proper areamiRnoalipfh 34,65 RS Hans 8 e Sl deard e
vertical ax@ewis8dtHeopREBHAMI ¥ndahe Uarthgtahl KRy BF fc@eding only small

objects.

15 The sides of the cart 14 have a number of rollers 36 spaced apart
lengthwise along the cart. Rollers 36 are positioned to contact the supporting
rails 16 should the cart move out of proper alignment with the track 12. The
rollers 36 rotate about vertical axes, and consequently do not significantly affect
the movement of the cart 14 along the track 12. It is envisioned by the inventor

20 that a wide variety of means can be substituted for the rollers 36 to keep the
cart 14 centered along the track 12.

As illustrated in Figure 3, a battery 38, a motor 40 and a driving
disc 42 are housed within this particular cart 14. The illustrated battery 38 is a
12-volt battery similar to one currently used in an automobile. The inventor

25 appreciates, however, that a wide variety of power sources can be substituted
for the battery 38, such as a fuel cell.

The motor 40 is coupled to the driving disc 42 by a belt 44. The
inventor similarly appreciates, however, that the motor 40.and belt 44 can take
other configurations, so iong as the driving disc 42 can be controllably rotated

30 to accelerate or decelerate the cart 14 with respect to the track 12. An onboard

control system 45 (Figure 6) is incorporated to allow a user to controllably

6



t he novenent of the cart 14 along the track 12. It is envisioned by the

i nventor 20 that a wide variety of nmeans can be substituted for the rollers
36 to keewotobwo43cart 14 centered along the track 12. As i IPCOAiS0z2®88 i n
Figure 3, a battery 38, a notor 40 and a driving disc 42 are housed within
this particular cart 14. The illustrated battery 38 is a 12-volt battery
simlar to one currently used in an autonobile. The inventor 25

appreci ates, however, that a wide variety of power sources can be
subst i t ut edicceleraichangatecalgrass the uotation af fthe| drdeng dish&2nin eonirol itke

coupled to the . drivin i s¢ 42 a belt 44. The inventor simlarly
appreci at e.s\’,el%m?gﬁﬂ%fﬁﬁ?ﬂgf% 8?'1936 and belt 44 can take other
configurations, so I qnguas 4 heusiftdd NBedr8ativ Gdhtafort Uit iR | sdhariept at ed
30 to accelerate or deCelerate the cart 14 with respect to the track 12. An
onboard conagmdtsS3isor tnel SideRiags 28 &)thescarntdwhenatrghged with dve rack URer to

control | abl 6 WO 03/ 004302 PCT/ USO 1088 accel erat d decel erate the
ot at o oAt AIBCHSIeH AQOWCRe D AT G e ReTmeBeon, BISEIE S0 1s CRPOBNe S | on

of the cart,14.. Figu ' a | ati.v b ent at i :
per manent pr?i%r};tgt 5093 oérlP‘%r ee*%hgle r in}egsez%&of Itnhgadc&gdrc?ﬂlﬁ{ mﬁgnoé%%ggiga wth

the track kmbodiméhtdhedaizssidiimbogion diltiee perraahént mbghse Jkeisrpeater thagnet s
30 is opposite therﬁgol arity of the permanent magnets 26. In addition, in
this parti doedateraldigwingion of theepermanant rorgRaisidn bhetdmerier appesiategignet s

30 is grea ' | f e t The
Pnvent or - appre Rt FhEndt AR e ey AT AL 3melIRRRS, r e came
di mensimns,petmanat Madirtsrpaituldbeanaiger2has abé pebRahanufiaghban30.h®ne
permanent magnets 30. One of ordinary skill in the art will appreciate,

however, t ldtordinary skik imigrast wilhaepreciate hrowevas, tiaiwhendbegaagneta argef pri or
art, addit itgnal | aterqz%h upgort .and/or . control
Sphet

ot BBk i, SUPBSLE R HObrof SHL Achugha AREST gL "
i |1 ustrat e¢opiippdi AN heckBSarfRen eiafthPOIOYYI lateral stability between the
magnets. On the contrary, in the illustrated embodiment, the magnetic footprint
15 of the upper magnet 30 is wider than that of the lower magnet 26, naturally
providing additional lateral stability.
A ferrous backing material 46 is positioned under the permanent
magnets 26 in the supporting rail 16. As with the side rails 28, the ferrous
backing material 46 can be steel or an equivalent materials. The backing 46
20 extends along the length of the side rail 16.
As best illustrated in Figure 5, a driving pulley 48 on the motor 40
operates the belt 44 to rotate a driven pulley 50 attached to the driving disc 42.
The motor 40 is mounted on a cross-member 52, which is in turn mounted to
the cart 14. Similarly, the driving disc 42 is mounted to an underside of the
25 cross-member 52. The driving disc 42 is rotatably mounted on a pair bearings
54 to rotate with respect to the cart 14.
As illustrated in Figure 7, the third rail 18 has a neck 56 and a
flange 58. The flange 58 is mounted to the footing 20 tc retain the third rail 18
in a fixed alignment with respect to the track 12. The neck 56 is in the form of a
30 flat plate extending the length of the track 12. The driving disc 42 in. the

illustrated embodiment has a pair of magnet rotors 60, spaced one on each

7



15 of the upper magnet 30 is wider than that of the |ower magnet 26,
naturally providing additional lateral stability. A ferrous backing

mat eri al W6 088043051 ti oned under the permanent nagnets 26PCa/UShE288pporti ng
rail 16. As with the side rails 28, the ferrous backing material 46 can be
steel or an equivalent materials. The backing 46 20 extends along the

| ength of the side rail 16. As best illustrated in Figure 5 a driving

pulley 48 on the notor 40 operates the belt 44 to rotate a driven pulley
50 attachedideot e rzdkdhgf thesthirdxail 18h&Eankh of thegnagnetvotnre $0dvasaa non-
cross-nenber 52, which is.in rn nted.to the cart.14_  Sim/larly, .the
driving di 48398 o thet Sigcre? JrChRAdNS PSRRI i 64rBiRferib) of e
driving di sgidt%tdd. rOff RO RARS 8D MaR2be BRAhDES or X4 diftabRf #of-Wi th
respect to the cart 14. As illustrated in Figure 7, the third rail 18 has a
neck 56 andnagndticacgmpesite Tramndf leacheiss&bricatedinvidd a qurhizerf 0btpergna@nto
retain the third rail 1 ment with respect to the track

1% The ﬁgedua%etﬁsﬁﬁ ﬁpﬁg%d Hﬁ&a% %ipﬁg%ag%iqgﬂgf apdaRIEaRGRE MYt §TEIRAPUHGR h of
o 7 -t o o . .
paiGr :‘:n(:j1 Cm;sﬁg{t érbg?%{r'gﬁggﬁe g;lg'g@gd&ggg%tn@%%hch% {@SW(S%W eg%?;s ﬁg%’;? 21088

side of them#ekobidd of ke tdrivirty didid 42 &agaiasththef relspectiveg batkingtdiss 680 has

a non- ferrous nounting disc 62 backed by a ferrous backing di sc 64
pr ef er abl y Asiacent| gepanent megneisuf6 mainays theipplasiies| (Ryerad. or e

sui tabl e nqp- ' ' ' ; | Gat | nmb f
per manent | SeREAENCEEnERTRE e Sar SPRGRT Buah AT HED TR eBeSEn S ©
circle @pout a shaf tTHES iUt diséH B2dafeY hit@intd$ to e shathedto trbgite in

per manent magnets 66 abuts '~ on the outside of the driving disc 42 against

t he respectunisoraithitie sbakc Redationai theatrivinedisari@hvitimsegnsct teienpgcihaf e

e DOt B aa BEEVBE e FEPREh R dhts S TR by
shaft 68 tGnrPHRE&idMgenerally tangential to the driving disc. This tangential direction
aligns with the length of the track. As is generally known in the industry,

15 relative movement between a permanent magnet and an electroconductive
material results in an eddy current urging the electroconductive material to
follow the permanent magnets. In the present case, however, because the
electroconductive material in the neck 56 is fixed to the footing 20, the
electroconductive material cannot follow the permanent magnets. Instead, an

20 equal and opposite force is exerted on the cart which carries the permanent
magnets 66. This opposing force accelerates the cart in a direction opposite to
the movement of the permanent magnets 66. Accordingly, controlled rotation of
the driving disc 42 with respect to the neck 56 can accelerate or decelerate the
cart 14 with respect to the track 12.

25 It also understood in the industry that adjustable gap couplings
can be used to increase and decrease the resultant forces between the
permanent magnets 66 and the neck 56. The inventor incorporates herein by

" reference U.S. Patent No. 6;005,317; U.S. Patent No. 6,072,258; and U.S.
Patent No. 6,242,832 in their entireties to disciose various structures that can

30 be used to adjust the spacing between the permanent magnets 66 and the neck



unison with the shaft. Rotation of the driving disc 42 with respect to the
neck 56 results in relative novenent between the permanent nagnets 66 and
t he neck wpr3mo4nz ection generally tangential to the driviPeg/usozz1088Thi s
tangential direction aligns with the length of the track. As is generally
known in the industry, 15 relative novenent between a pernmanent magnet and
an el ectroconductive material results in an eddy current urging the

el ectroconductive material to followthe pernanent magnets. In the present
case, howea, Fudberudke inventasn apprediatasdhiet psinglareagngt roterGZecances usedi s
fixed to the foqting 20, .t ctroconductive material cannot follow the

h I
per manent ﬁﬁﬁtﬁg &f%Q@EQBH‘,a%QﬁFEgO'@qum and opposite force is exerted on

the cart which carri gsmbBainREHERNENT thdTBQHBESNE6invERLSn OPRAR NGhRr6as
accelerates the cart in a direction opposite to the novenent of the

per manent resty@etayedtovekarovdyante/systemsradithe griooadt iFon exbmpidyehdmalighed di sc
42 with respect to. the neck 56 can accelerate or decelerate the cart 14
e e o iies s 1o dpcke My A BACRS TBEETIEh COIPI Ao T5tet fat
adj ust abl e Fgﬁ.pe ' : WeTe ;

reruI t ant force@ﬂt)%dv\ggﬁ&ts%@? nggégﬁn%%gfr?{r eemvgﬁ%rfgﬁg\géggg;db‘% ﬁ{e"%ﬁg‘ﬁé@?" ti'%e

i nvent or i reaeriednatiesloha fer sninoth ned\vemesrtead ths. wélgihe ig trilospditddi0gioad the U. S.
Patent No. 6,072,258; and U S. Patent No. 6,242,832 in their entireties to
di scl ose vdradusSipilasty; fiersaus hackipgmaigrigkingserpraisdhiia e side @iaqfige

bet ween t he t. 66 and the neck 8 WD 03/004302

PCT/ US02/ Zlcgggﬁ@gﬁ%r—lh“%tl%e]ri%ﬁ?%‘he inventor appreciates that a single magnet
rotor 6fycan be used |niduditfsil tAé ra@@dtic @ivin@dret cdrbined. orbiHeoghriNGws of
the present invention have numerous advantages over conveyance systens of

the prior &t clossly saiiolled. efficienti gersleragioponnd ideasicrptionheBerauss thad t he
mmanet c 1 o VA oars 68 TB0RE: dfe TS @ HBN & b wEEF pERRRT e hyg e
for snmoot h ymuenpikhés teguye td brilingldisd aPedritaredl Hthd B4, each cart can

be independently controlled to accelerate and decelerate along the track.

15 Figures 9 and 9A illustrate a track 112 and a cart 114 according to
another embodiment of the present invention. In general, the cart 114 and
track 112 illustrated in Figure 9 operate similar to that described above and
illustrated in Figures 1-8. In particular, however, the guidance system and the
drive system are both different than those described above. Accordingly, to the

20 exteni elements, features and advantages are not discussed below, they can
be assumed to be similar to or identical to those described above.

In the illustrated embodiment, 9 drive rail 118 incorporates a
flange 158 and a neck 156, similar to those described above. In addition, a
cover plate 157 is positioned over opposing sides of the neck 156 and extends

25 along the length of the drive rail 118. In this particular embodiment, the neck
156 and flange 158 are manufactured from steel, while the cover piate 157 is
manufactured from aluminum. The inventors appreciate, however, that the
cover plate 157 can be made from any other conductive material, the neck 156 .
can be made from any other material, preferably a ferrous material such as

30 steel, and the flange 158 can be made from any suitable material. In the

illustrated. embodiment, the aluminum in the cover plate 157 serves as a

9



track. Simlarly, ferrous backing material incorporated into the side rails
of the <cart provides |like benefits. 10 In addition, the magnetic driving
di sc contwpmagosm t he cart allows for closely controll edpcCeftiSoz2mss

accel eration and decel eration. Because the driving disc does not contact
the third rail, there is no wear between the two parts. Further, because
the driving disc is contained on the cart, each cart can be independently

controlled to accel erate and decel erate along the track. 15 Figures 9 and
9A il | ust r sxosdactor dek aiset aiawer @mgneimtcmdéaduang the stagloinHbee r@&ﬁdfoﬂjﬁiﬁrent
of the present |nve

d
1 ust r at edanYesEY nerraas par s HEa R prpah SF i SRy petrHiged and

illustrated in Figuregs i theNattiVe bmBbalimeftoWRY Riwerl 8gaet Hﬁ&%em/@?@m and
the drive systemare both different than those describéd above.

Accor di ngl ypositmnekde oR0opprosing eidesent dhef davairrad 4hd, addantagesrable tomt
di bel th b to b t id [
Chose. descHmelfrasoatd Ghvelatts Ry ger d amangbaPRarc, T liapd 12a I i

t t
i ncor por a }}ﬁulér‘ é‘ﬁﬂ%dﬂn‘?@htaﬂg t eﬁi‘é‘? 12%s ot 'o[b}a%)g{r]]gdé?wbpﬁ%?n%??&&sb?ﬂz

above. covetr I'S pos ove pposi ng si des of

t he neck 1fﬁeapmblmmeifldm6253ml ipnfohh ef Iteagitheofaldrie thks idriver eail 1188(bdsh t hi s
particul ar enbodi nent, the neck 156 and flange 158 are manufactured from

steel , whi lilustraied &y Eloysed0d Fch Bair Gh eI OTABREL Fatoin 144 Motaias aboi a
ventors RREPShahCred ARSlte KRN e BRNE oRl AL 1 A G REr ifgE O

any ot her eri a nec c¢an made rom

mat erialg praf enabing ariler AU BBiRT ietelbrl o5 dBReRAtel theardrit thnge
158 can be nade fromany suitable material. In the illustrated .

enmbodi ment ,respectdo dne traekili2t he cover plate 157 serves as a 9 WD 03/ 004302
PCTUS021 21085 conduel Sgehoh Bighfd o8] ohi ST Mlah 168 368 4 iesfBCi05.
?gltogf!s ”%4(5?2(}%2 tRERNE Fo rdaiteMHIoWRe nadtieR retsPadDTR PEspdrid tbNnEVeriBaNS  a
horizontal belt 161. The horizontal belts 161 are driven by a central pulley 163,
15 which is in turn driven by a vertical belt 165. Unlike the prior embodiment,
where the belt is driven directly by the motor 40, the vertical belt 165 in the
| present embodiment is driven by a pair of upper magnet rotors 167. These
upper magnet rotors 167 share an upper shaft 169 and an upper pulley 171,
which drives the vertical belt 165.
20 Rotation of the upper magnet rotors 167 about the upper shaft
169 results in rotation of the upper pulley 171, which in turn drives the vertical
belt 165, rotating the central pulley 163. Rotation of the central pulley 163
drives the opposing horizontal belts 161, each of which drives a sheave 159 on
one of the pairs of lower shafts 168. Rotation of the lower shaft 168 results in
25 rotation of both pairs of lower magnet rotors 142. As discussed above, rotation
of the magnet rotors 142 with respect to the drive rail 118 results in acceleration
or deceleration of the cart 114 with respect to the track 112.
The velocity and power of the magnet rotors 167 is adjusted
through axial movement of an opposing pair of conductor rotors 173 positioned
30 to face the upper magnet rotors 167 from opposing sides. The conductor rotors

173 and opposing upper magnet rotors 167 function similar to adjustable gap

10



positi oned on opposing sides of the drive rail 118, and are operable to 5
accel erate and decelerate the cart 114 with respect to the track 112. In

t hi s partwouwBae43enbodi nent, however, two pairs of opposi n@Crawser2wsgnet
rotors 142 are positioned one pair in front of the other along the drive
rail 118 (best illustrated in Figure 10). Each pair of |ower nagnet rotors
142 rotates about a |ower shaft 168 to create relative novenent between
the | ower nagnet rotor 10 142 and the drive rail 118 and accel erate or
decel er at e conplings knawn inithe ark eApsuch tibetthegue tigrsfened framdee gondusiogur e

10, h | f 68 h h fixed th
Fower mmgndbrBtide oibe Wi RaRgae Iomol ity ated BY ahain i 284" S6r.
The hori zoza) 1PeRSrebElvetre ﬂf{H@Qn%dﬁnéﬁmmﬁlfatééﬂih%é%dr@:?g, thé gafp ¢hsis in

turn driven by a vertical belt 165. Unlike the prior enbodi ment,” where the
belt is driinvdme dougling gn blye idfeend bbthelQppehshated 69 iaprdadéert thbe3he yaphen

pr esent odi nent is driven by a pajr upper ,magnet rotor 6/7/. These
et mpndte B ended! ey wher shakr Jhat TNESI AR RIschab N eJVa 71
whi ch driv ' bel ty.165 | t I Lot Or s
167 about t gbﬁrg%ééfdotg % tte %Ger&%smefZgjqﬁ%rr?%ﬁﬁtpi%’o ﬁ?ﬁggﬁgger u ﬁ"ﬁ:@ 171,
whi ch in twooplingsy eant be wdjustezhlindd@ridehtid, o iri adonmtgnatien denincedaseulol ey
163. Rotation of the central pulley 163 drives the opposi_ng horizontal

bel ts 161, d4egEepsst thehiterugr fraesfegredhisamethes gopducten &otefs 1S fpathes upper ower

shafts 168'V\£§ﬁ<ﬁtrbf8?§qf67t he | ower shaft 168 results in 25 rotation of both

pairs of | &0 magnel rotors 142. As discussed above, rotation of the

magnet f@tors 142 wi tthd gapets fstadjhstedrby thdviid almh8tdrestd towdrl or away
acceleration or deceleration of the cart 114 wth respect to the track

112. The vdfasithg dppepargnelf ratere 1Rdgndiher 10306 1867 hes adgriver ébaftt h bugh
o o ko Hk BB L, 220, SRSl LTSS B *°
;8} 8; faérg igg%@%@% fitb ERPAN4ATRIGdiRPbASIing 879l WhedH Rdves RtkAllytslong
an adjustment rod 181. The sliding bushing 179 can be moved back and forth
15 along the adjustment rod 181 by a dual-acting air cylinder 183. The air cylinder
183 moves the sliding bushing 179 along the adjustment rod 181 between a
pair of inner stops 185 and a pair of opposing outer stops 187. Because the
conductor rotors 173 are mounted on the motors 140, axial movement of the
motors results in axial movement of the conductor rotors and, as a result,
20 adjustment of the gap 175.
The motors 140 are operated with an actuator, such as a switch
185 illustrated in Figure 9. The illustrated switch 185 is coupled between a
source of electricity, such as a battery 187, and the motors 140, and can be
actuated to rotate the motors in either direction to accelerate or decelerate the
25 cart 114 with respect to the track 112.
Figures 11A and 11B illustrate the lower magnet rotors 142
disengaged from the drive rail 118 and engaged with the drive rail, respectively.
Each lower magnet rotor 142 is linked to the cart 114 by a swing arm 189 that is
pivotally mounted to swing the magnet rotor around a substantially horizontal
30 axis such that the magnet rotor moves vertically to engage with and disengage

from the drive rail 118. A pair of cables 191 are routed from a winch 193 over

11



WO 03/ 004302 PCT/ US02/21088 couplings known in the art. As such, the
torque transferred fromthe conductor rotors 173 to the upper magnet
rotors 16Woios/owzsni ed by changing the size of a gap 175 tRemaiser/zmes. | n
the enbodinent illustrated in Figure 9, the gap 175 in the coupling on the
| eft end of the upper shaft 169 is greater than the gap on 5 the right end
of the upper shaft. The inventors appreciate that the two couplings ‘
cooperate to drive the upper shaft 169, and that the opposing couplings
can be adj usileys i198e poddwatgontiotied hycansrivaionhdt & adiise fxeheight géepehse

t he torque tfr%lgisé‘)(grred fromtthe onductor rotors 173 to the upper nagnet
rotors 167.97¢ ergjgagrﬁtsrq%rsa justed by noving a notor 140 toward or away

fromthe upper magnetTHOWgnkd Fotold 8 4P044H bEARidREoR IAdLE 18 @Ihpdifdate
projecting therefromthat 1I's coupled to the conductor rotor 173. The notor

140 is nodat ¢k tweeighieotding pEdbaat oa thiei camgl tusHin pariicd@ar, whitle la ineagier

| aterally al ong ., an adju nt rod 181. The slidi bushi ng 179 can pe

moved batk pé’}?{ép%rtgﬁ C@g ﬁ‘geﬂ'baytr };RYYGJSQWBH ?r%'él 1%%13'@%0 Ukﬂe-nééf%rjr'geai r

cyl i nder 15}1?@%[:[%[38&%{5 199 I8 be rAR3dMVGse WBRss! 1 di ng bushing 179 along the
ro

adj ust nent etween a palr of inner stops 185 and a pair of

opposi ng outer stops FigudresBeZ andel 3 iflastrateddires particalzotsaking aasembhuao2d on
the nmotors 140, axial novenment of the notors results_in axjial novenent of
t he conductasicordingrte athemhegimepksfifhe preseridp\itioBnt The RrakingasSemply The

nmot ors 140 . .t b _an;. act r Sy i rat ed
in Figure ﬂﬁ ﬁsgqﬁﬁq{?ggq%egles%'%m%§§§ ?Osﬁfgﬁ’l&%ﬁ%%qﬁeﬁ%@ggn 1;121 %Z'guﬁr{cgﬁ%f

el ectrif t Yongigel cvhfigubtionshFiddé 13nd the notors 140, and can be
actuated to rotate the notors in either direction to accel erate or

decel erate the 25 cafhe brakenpssenmbly 282tincorponatesraapreurnatic pisgen @941am and
fromthe.drive rail

118 11 Lt SIS oU IBALSH dibelB bR, RIS PRS2l
142 is |inkgh {0cdhectad byld daiYoPpsMmsticlined 89 otfad dobtrol unit 212. The
control unit 212 directs pressurized air through the pneumatic lines 210 to or
15 from the pneumatic piston 204 to pressurize an internal chamber therein (not
shown) and to move a piston therein (not shown) axially with respect to the
pneumatic piston. The actuator 206 is coupled to the internal piston to move
with the internal piston as it is controlied by the control unit 212.
The brake levers 208 are coupled to the actuator 206 at a pair of
20 elongated slots 214. When the actuator 206 moves downward, a pin 216 in the
brake lever 208 slides inwardly along the slot 214. As the pin 216 moves
inwardly along the slot 214, the brake lever 208 pivots around a pivot point 218
and the brake pads 220 rotate away from the drive rail 118. Likewise, when the
actuator 206 moves upward as viewed in Figure 13, the pins 216 move outward
25 along the slots 214 and the brake levers 208 rotate around the pivot points 218
to compress the brakes against the drive rail 118. Because the brake assembly
202 is rigidly attached to the cart 114, when the brake pads 220 compress
against the drive rail 118, the cart can bhe brought to rest with respect to the
track 112.
30 Figures 14 through 16 illustrate a magnet assembly 300 and a -

cart 314 configured with such a magnet assembly to facilitate maneuvering the
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pivotally mounted to swing the nmagnet rotor around a substantially

hori zontal 30 axis such.that the nagnet rotor noves vertically to engage
with and wosngagre fromthe drive rail 118. A pair of calPCeasa91108s e
routed froma wi nch 193-over 11 WD 03/004302 PCT/ US02/ 21088 pulleys 195,
and are controlled by an actuator 197 to adjust the height of each of the
| ower nmagnet rotors 142. The magnet rotors 142 can be raised or lowered to
conpensate for the weight of the payload on the cart 114. In particul ar,
wi th a heawagrarosngdight garnarsie Asaiast liustratgd in digurehlr thermagret: assernbiy 2

d, t sate, I t t 1 ld, b ' ' .
SR R L T e
according tg rﬁ@v@m;@fﬂduyﬂmmﬁfa br2@kef 88&NtTHeNMRIHd earriafeesdy mébg&rafe%%fol y
202 is illustrated in the disengaged configuration in"Figure 12 and in the

10 engaged boulyf BQ8irtant ceceéived-itgarraadiet 302 facmgedawseand yarkO¥hiokc bapoa at es

evor s 28 Tofus frasiond ts: S posRionerlsaBeim s didsy a8 pai he dferpialint | c

lines 210 tpo @nétoﬁi ebnﬂéeiﬁtth%]f@rr Tg%acﬁﬁ’igtﬁlgie MY to ﬁ'l]c%egéé B SR SFImNe | zed
? e pn 8%[' toor 1

air through eumati c |1 nes fromthe pneumatic piston 204

t o pressurifgeednexdarted byl thehpetmandrtemagnefsnohto #wwpposing tagnel én ahei st on
therein (not shown) axial IOX with respect to the pneumatic piston. The
act uat or 2deGks(nebFhoRd)t oAtRRIN PhBEMsad 1 DHicensact: tensting \Gariegen 0# e nal

piston as if_1I n b , I ' - |ever. 08

are coupl e&}qr{(ﬁ@ ﬁs% %’é@t?ﬁgr %BE‘Q@'{‘ 8%%%(:&0@9&5%} (ER 8E§Qttgé%§§'8bsgagé§ggmen
the actymnt @oﬂ%mmé@oﬁ%wm@th af Hetraddvdree Sheaft Ir4aka daver rolelk s18des
inwardly along the slot 214. As the pin 216 noves inwardly along the sl ot
214, the braskeduplest t@ e pliding §aéniagma%lmﬁe@pepwenmmngamdsﬁﬁg- bf ke

pads 220 rotate % y fromthe, drive rail .118b Li. kewi vm%n.the act uat or
506 moves ABNEIPASAS AIEELNTE B OSSP REbRAITS T it o Bl feangeive

mounting rods 320, which are in turn retained to the sliding carriage 304 by

respective nuts 324. The compression bearings 322 allow the rollers 318 to
15 rotate freely about the mounting rods 320. A sleeve 326 positioned between
the body 308 and the roller 318 maintains a desired spacing between the body

and roller.
As illustrated in Figure 16, the magnet assemblies 300 are
mounted by the brackets 306 to longitudinal structural members 328 on the cart
20 313. The transverse shafts 314 are oriented substantially perpendicular to the
longitudinal structural members 328, such that the magnets assemblies 300 are
free to move laterally with respect to the cart. The cart 313 illustrated in Figure
16 is configured for moving around a corner. As such, the magnet assemblies
300 have moved laterally to conform to the curved shape of the track 330.
25 Because each magnet assembly 300 is free to move independent of the other
magnet assemblies, the rollers 318 move each magnet assembly as necessary
to conform to the particular track shape. The magnet assemblies 300 can be
biased, such as by springs or other means, to move into a configuration for
driving along a straight length. of track. Likewise, the magnet assemblies 300

30 can be configured for moving without any restriction.
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25 along the slots 214 and the brake | evers 208 rotate around the pivot

points 218 to conpress the brakes against the drive rail 118. Because the
brake asswolByo432D2 is rigidly attached to the cart 114, wa@ruSohezioks ake

pads 220 conpress against the drive rail 118, the cart can be brought to
rest with respect to the track 112. 30 Figures 14 through 16 illustrate a
magnet assenbly 300 and a cart 314 configured with such a nmagnet assenbly
to facilitate maneuvering the 12 WO 03/004302 PCT/US02/ 21088 cart around
ti ght corners. As bestigurd tiétscheaticallyFilygiratessther eryt @dgnedt thisssiéenviaiive 300

[ t , t 302 h it hi l,idi ' 304

to move | st Bt eiolRel T apvensr et i afaGre dppetigel Bahk Ofhs

i ncor por at @fagnetd08y2 308 dihaligif Yithethe hgiadmal s8@3trac hegnskrenes ¢, and
whi ch has a 5 ferrous backing plate 310 positioned above the body 308. The

per manent atlegnite GOR3tdin awive albeg the trads inbadiesingd plignmesil0 to i ncrease

the effect of the faqrces exerted by .the pernmanent nets onto th
opposi ng® magnet in t he"® PR ”(tmréﬂﬁﬁ)tﬂaknﬁmm8gﬁ'§?ﬁ%”%§§dé’@ﬁ‘ﬁ‘ 0S¢t he

sliding carddpge mode tQ tlzsfie b%&%%@ﬁ%?di%@@és%dg%t%m{é ﬁritHHEPB{i}%ﬁgﬂr@ fiohn the

configured to allow t he Ing carriage 1 0 nove a he | engt h of
t he transvespint chiiiet ingédtiorA Fairrexaimple) tarns cah8be flericateg mdth dwoet v ki di ng
carriage 304 by respective nounting rods 320. The rollers 318 are retained
by conpresdNeif BE%NONGISCS IO independantly fpeeiiqclivelynaerfieiate Bodsdesaleralii ch
are in tur ef.al ned I LdLn i 304 by . ect | ve 24.
The corrpreggléo%&tt)gg‘r ﬁéésfz)g’gaﬂakﬂgw%v%g% o(ﬁ]%g}@ﬁ%lSifkoeR@g&r g'ﬁdar eo'Plr%\Z'Fg

about t{® rpPbitg FaldSca?Be iRceberited I8modis) tHeoRsdatieh Yeeas dndews 308
and the roller 318 maintains a desired sPam ng between the body an
&fa@(ﬁg@

L ol | ﬁr. bAs diqsiribyti@ratcmrfﬁemt@s{j ef 1a|6paft'|¢el | maséawﬁiscelgsm)@bﬁw@,, th®unt ed
t L 06 t i.t.udi fr.uct [ . 328 t t 20
s The ¢ R AR afuRER Al Ca0 Be BhEHAH B 6IRITBrEIGT slpettrblle: o

the the cart for "suspended" “Jconfigurations. Other modifications and variations
would be apparent to those of ordinary skill in the art. Accordingly, the scope of
15 the invention should be interpreted only based on the claims below.
All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the
Application Data Sheet, are incorporated herein by reference, in their entirety.
20
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| ongi tudi nal structural menbers 328, such that the nmagnets assenblies 300
are free to nove laterally with respect to the cart. The cart 313

il lustratwoomnoBigure 16 is configured for noving aroundPATASHNEZI88 AS
such, the magnet assenblies 300 have noved laterally to conformto the
curved shape of the track 330. 25 Because each nagnet assenbly 300 is free
to nove i ndependent of the other magnet assenblies, the rollers 318 nove
each magnet assenbly as necessary to conformto the particular track
shape. The GleAiM® assenblies 300 can be biased, such as by springs or

ot her neans, to nove into a configuration for driving along a straight

| ength. of track. Likew se, the nmagnet assenblies 300 30 can be configured
for moving without any 1 esk sysien?for FAgHEOSH ARGRATAPETA RS LhASbiof, Our &
17 schematically illustrates'the cart 313 of "'this alternative enbodi nent
confi gur ed thersystenecempriaingng a strai ght |ength of track. The nmgnets 302

are all aligned with the ngi t udi nal structyral nmenbers 328 to |l ow t he
cart 313 to nove al orﬂgtrlaﬁk?\a?’éf&ai U?“ﬁégr?'é% 3|l 69%@%@?3@" Wea%ﬁlffoé%nt
appreci ate a | fid i apLat i ;

enbodi nent s%atg‘:ﬂséhhs%ze oggg%/éé@bhﬁﬁqegﬂ%gg’g%ﬁgﬁ ffﬁ%fnratlﬁgarrggg?? ﬁﬂ gééﬁ%*g)?

i nvention. gepmaeeatphagnatarisvirpithdie pbédy altgtieat witht bacim@thémsuch thatoae

driving discs to independently or collectively accelerate and decel erate
the cart i rHrnes spFfpgacd eash afdbefiset rails dasiHBifom Relarde alaggran gperakier 10

supporting I: ppcorporated to nodify the levitation forces and
wei ght  di sdoﬂ'%ipf@{rﬂlé I(gﬁg{ngtcteri stics of a particular system As discussed

above,, the driving #H sejeanBatiRg =dplupality 6RBedhdRHlstdoPigdrddntoodiiper with
| ocations, such as above the cart for "suspended” configurations. QO her
nodi fi cati dhe fnstl rads.i geclrescondurall isaraingace pturaldyt ebpersarnendimagnietski | |

in the art. Accordingl he scope 15 the i.nventi,on should be .
|t er pr ot oS B 00aSse S ERES pnsepamanant RRchaIS ek Loliedonsibe . o
U.S. pat entfirgiialiise@hitea tRBRIdjé@ieAttes abbve tak&6; applications, foreign
patents, foreign patent applications and non-
a third rail made from an electroconductive material, the third rail
extending the length of the track; and
a disc coupled to the object to rotate about a rotary axis with
respect to the object, the disc having a plurality of permanent magnets spaced
about the rotary axis, the disc being positioned with a portion thereof in close
proximity to the third rail and being controllably rotatable in the presence of the
third rail to create an eddy current between the permanent magnets in the disc
and the electroconductive material of the third rail to accelerate and decelerate

the object with respect to the track.

2. The system of claim 1 wherein the plurality of first rails

comprises two first rails.
3. The system of claim 1 wherein each of the plurality of

permanent magnets in the first rail is in contact with the adjacent permanent

magnets in the respective first rail.
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patent publications referred to in this specification and/or listed in the
Application Data Sheet, are incorporated herein by reference, in their
entirety.wo020/004803\0 03/ 004302 PCT/ US02/ 21088 CLAI M5 1. APESYAiSernr10es
magnetically levitating and noving an object, the systemconprising: a
track having a plurality of first rails spaced |laterally apart from each
other along a length of the track, each first rail carrying a plurality of
per manent magnets having their poles aligned with each .other such that an
upper surface of eacht.of tTee isystem ohiclamhisvienemn RoletarpbHimrensjomioige an

bl i f the | h; . j . i I | f d
PErT o cont [aRend mpdate e BrRE AR bl ol R SBtinphella TR g
2 pl ural i tyiflorBRHBINAD befMEnBhPmaghbAThaRe becoRPRaR. Lhe polarity of the

per manent magnets in the corresponding first rail such that the object
| evitates above the track; a third rail made from an el ectroconducti ve

material, the third rail xtendi n he length of the track; and a_djsc
coupl ed to the object>to r %1ts¥3t§B'gt9% C%”F”oﬂ g/y@/ergm & quﬁﬁgv‘%@}?&’i Oifcd;h? he
object, th i i ufial k rsﬁﬁé’l t gne, e%g,% t he
rotary axi ?Qﬁ@eﬁ?@g@‘e@ﬁghp@ ﬁs\énrggs \E?\ngt a‘P‘e:;rotrh{élFH o% %ﬁgr o?‘ eﬁ]r? %ﬁgtég
proxi mty tdimeheionhhdfribe parinaasdt maigngtsdnrthe setatd yailsot at abl e in the
presence of the third rail to create an eddy current between the pernanent
magnets in the disc and the el ectroconductive material of the third rail

to accel erate and decgl er t ; i 1.0t r . The
system of claim 1l wherei na'flﬁees%%}gpgﬁ ?‘%h%w ?%@‘%ﬁ(?ogﬁbgélﬂgon%r”itoggg%e\%”i rst
rails. 3. Thempesirebomactivith ihd piralitgiof peatbneht inBgnelstinatiléast @he of the

first rails.

7. The system of claim 1, further comprising a first ferrous
keeper member in contact with the plurality of permanent magnets in at least
one of the first rails and a second ferrous keeper member in contact with the

plurality of permanent magnets in at least one of the second rails.

8. The system of claim 1, further comprising a ferrous keeper
member in contact with the plurality of permanent magnets in each of the first
rails, the keeper member being positioned on a surface of the permanent

magnets furthest from the upper surface of the rail.

9. The system of claim 1, further comprising a ferrous keeper
and an electroconductive cover on each of the first rails, the keeper being in
contact with the plurality of permanent magnets in the first rail and being
positioned of a surface of the permanent magnets furthest from the upper
surface of the rail, the cover being positioned over the upper surface of the first

rail.

10.  The system of claim 1, further comprising guide members

coupled to the track and the object to maintain the object aligned with the track.
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per manent magnets in the first rail is in contact wth the adjacent
permanent rmagnets in the respective first rail. 15 WO 03/004302

PCT/ US02/\20®8804802 The system of claim 1 wherein a | ateral pdirrsny2wss of the
per manent magnets in the first rails is different froma correspondi ng

| ateral di nension of the permanent magnets in the second rails. 5. The
systemof claim1l wherein a lateral dinension of the permanent magnets in
the first rails is smaller_than a corresponding |ateral dinension of the
per manent nagnets in the sEResysiean o clagm thiairéescemmsising guigermembearaer

conpri sing suke f {n C ith the plurality.
permmnent ey Wh 1 Wk aNB R EStpldhnEaly byt BobpRaPtariiie (Diielhta
claim1l, funbhitsinareRbicdtadghed Withithé &fadcRUs keeper nenber in contact with
the plurality of permanent nmagnets in at |east one of the first rails and

a second ferrous keeper nenber in contact wwth the plurality of permanent
magnets in at |east o of .t he second rails . The system of claim.1,
further conprising a ferrolid® R¥EIEA}O %%érfq’ﬁ‘%m'w fcrl'ef%eowlﬁiﬂi@i ty
of permanenhergo&!t thd FoIRFSE heitlg 5PScdd Bhrt By2hldap BF IRERRS MERRSH the! N9
posi ti oned onr?ggsu?face of tﬁe gpe manen? rrggneq%g frurtﬁ%gt %ron'n e u%per
surface of abjectralighedWiththe tsgei em of claim 1, further conprising a ferrous
keeper and an el ectroconductive cover on each of the first rails, the
keeper being in contact with the plurality of permanent nagnets in the

first rail and being 130°Si'hj\e$§§eeﬁ oitaﬂéﬁﬂ‘ri gslfl‘?erﬁ]n Héeth%rrggi'&ﬁ@tthgqgﬁﬁto?

furthest fromthe upper sur e cover posrtioned

over the uppeelosigateatplatd anhbiaghtirotdry ax@ is. atli8asiTigbSxstiam J&frﬁéh@ibmal,to
further conprising guide nmenbers coupled to the track and the object to
mai ntai n t Heedgtect al i gned with the track.

14. A system for magnetically levitating an object, the system
comprising:

a track having a plurality of first rails spaced laterally apart from
each other along a length of the track;

a first plurality of permanent magnets coupled to the first rails, the
first plurality of permanent magnets having their poles aligned such that an
upper surface of each of the first rails has a uniform polarity along an operable
portion of the length, each of the first plurality of permanent magnets in the first
rail being in contact with the adjacent permanent magnets;

a ferrous first keeper in each first rail contacting the first plurality
of permanent magnets;

an object having a plurality of second rails at least substantially
aligned with a portion of the length of the plurality of first rails;

a second plurality of permanent magnets aligned to oppose the
polarity of the permanent magnets in the first rails such that the object levitates
above the track; and

a ferrous second keeper in each second rail contacting the

second plurality of permanent magnets.
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16 WO 03/004302 PCT/US02/21088 11. The systemof claim11, further
conprising guide nenbers coupled to the track and conpl enentary rollers
coupl ed twotobeossh} ect to rmaintain the object aligned wtRCrhisoremek. 12.
The systemof claim1, further conprising rollers coupled to the object,
the rollers being spaced apart by a gap fromthe rails maintain the object
aligned with the track. 13. The systemof claim1l wherein the third rail is
in the formof an elongated plate and the rotary axis is at |east
substantial | y per pendi&ul akhe systemeofpilaime4 1furthar sgrpsginos thirdgeieindaa | y

| evitati | he s Lsing: " '
rrst raiSTopanag the bl e R B Rl ro S EPe Rl A d eBiaticitd v
track; a fifrslerRliioAbid ¥agk, BEITRRRNS: BEARRISIAANR 01 i9eb® rbidislancat | S

the first plurality of permanent magnets having their poles aligned such
that an umEpeoctapuEixic wvithf respelet dd thbeolijectstthe adrive kilss havingf @ plunadityaof t y

al ong an operable portion of the |length, each of the first plurality of
per manent RASYMENENt MagRelS; ,sggce(faqatpo e!a'l"% Oy 0 X5 t thi tfﬁ"’?hé"s&dj t

per manent @i ' e [ > | A |.aC 4 g the
Frrst ol ur SEeRoeg, M A B bchbof FPBBLe (RoSATR, I Ikt vl [airams iy
second r ai Iconablldisigsbtsaibetiarthe gréyencd oftvedthivdt fail do peedtecsm efldy lvardeatgt h

of the plurality of first rails; a second plurality of pernanent magnets

al i gned t o spwese thaererprnent tyagnetsHe therdrivee fiscnadhdbe glactiagonduelye raj| s
such that t | | gvit at t : : LT

keeper in eﬁ%ﬁ?ﬂgtgﬁm? ﬁ‘l‘{dl I%ilgﬁtaac%? %\r%tet %gd Bé g%'%ﬁac}ggﬂﬁfoat{@étyﬁg? r%?%%ggoent
magnets.  the track.

16.  The system of claim 14 wherein a lateral dimension of the
first plurality of permanent magnets is different from a corresponding lateral

dimension of the second plurality of permanent magnets.

17.  The system of claim 14 wherein a lateral dimension of the
first plurality of permanent magnets is smaller than a corresponding lateral

dimension of the second plurality of permanent magnets.

18. The system of claim 14 wherein the first keeper member is
positioned on a surface of the first plurality of permanent magnets furthest from

the upper surface of the rail.

19. The system of claim 14, further comprising an
electroconductive cover and wherein the first keeper is positioned on a surface
on the first plurality of permanent magnets furthest from the upper surface of
the rail, and wherein the cover is positioned over the upper surface of the first

rail.

20. The system of claim 14, further comprising guide members

coupled to the track and the object to maintain the object aligned with the track.
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17 WO 03/004302 PCT/US02/21088 15. The system of claim 14, further
conprising a third rail and a drive disc, the third rail made from an

el ect rocowmowsidase2 mat eri al and extending the |length of tReTUSaLk108% he
drive disc being coupled to the object to rotate about a rotary axis with
respect to the object, the drive disc having a plurality of permanent
magnets spaced about the rotary axis, the drive disc being positioned with
a portion thereof in close proximty to the third rail and being

control l ably rotatabl2l.in TE@ systeset elagn thdurtiherr epmalising guideeeenkerseddy

t bet t.h t in th ' di the, .
c) ect roconatiiEIgE Crllker e o RPN RSy Tollss EelbBRaEE tiaStlechi8r at o
t he obj ect %rrﬁaihqp@%ﬁ?&%}!igﬁ@@Vﬁﬂh&}ﬁg.tra’%@: The system of claim 14 wherein a
the

| at eral di mension of irst plurality of permanent magnets is different

froma corresponding lateral dinmension of the second plurality of
per manent magnets. 17, The_system of _claim 14 erein a l|ateral dinension
of the first plurali4 ofTB%rSNﬁ Pfr?ﬁfd'ﬁ’&%’ ﬁ%@ﬁﬁpm'q%wuﬁrs couplea
correspondi PR j rel ;
PR, RO el B Rl o PR e

magnet s. ystem o [ rst keeper 'S
posi tioned objeet dighkaoeitiothed thack.i rst plurality of permanent nagnets
furthest from the upper surface of the rail. 19. The system of claim 14,

further conprising an electroconductive cover and wherein the first keeper

is positioned on a su% _aceTlf'lé’%é/E@?n foltf %Fat"mp+‘f],("ﬁ‘!§iﬁ‘%fx\},ﬁértgff‘?]q?iﬂ%nih HBRIBFHS

furthest fromthe upp surfac € rail € cover 1S

posi tioned eva eldiRyatdd @lats Wiidewe harynexid ig st leakBblbstdRtiallhgerpeati R
claim 14, further conprising guide nenbers coupled to the track and the

obj ect to ntitheglatet he object aligned with the track. 18

24. A system for magnetically levitating an object having a
plurality of first rails spaced laterally apart from each other, each first rail having
a first plurality of permanent magnets distributed along its length, the system
comprising:

a track having. a plurality of second rails positioned to be aligned
with the plurality of first rails on the object when the object is levitating above
the track;

a second plurality of permanent magnets coupled to the second
rails, the second plurality of permanent magnets having their poles aligned such
that an upper surface of each of the second rails has a uniform polarity along
an operable portion of the length, each of the second plurality of permanent
magnets in the first rail being in contact with the adjacent permanent magnets;
and |

a ferrous keeper contacting the first plurality of permanent
magnets, the ferrous keeper being positioned on a side of the second plurality

of permanent magnets furthest from the upper surface.
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WO 03/ 004302 PCT/ US02/ 21088 21. The systemof claim 14, further conprising
gui de nenbers coupled to the track and conplenentary rollers coupled to the
obj ect t owomaiont3al n t he object aligned with the track. 22PCThSoyywsem of
claim14, further conprising rollers coupled to the object, the rollers

bei ng spaced apart by a gap fromthe rails nmaintain the object aligned
with the track. 23. The system of claim 14 wherein the third rail is in the
form of an elongated plate and the rotary axis is at |east substantially
perpendi cul ar to t h&%l atBie system ef slasmIdowherrjne lateral dimengieaof dge an

obj ect having a urglity of first rails aced.laterally apart fr.om each
other. eactirsh Purdiediqt heradtipntunione®' 5 AR o' feinahelPiine iR

di stri but edijAEASBNI dfihé 8BESM p?&ﬁlit?ﬁ}a@%aﬁ@ﬁmhhéh@& _a track having, a
plurality of second rails positioned to be aligned wth the plurality of
first rails on the object when the object is levitating above the track; a

second plurality of permanent magnets coupled to the second rails, .the
second plurality of p'{ﬁrna%ﬁ S}ﬁgﬁbf’éc'ﬁémiiﬁjgwhﬁé?"? aplﬂ_?%@i)alm%ﬁ?éﬁf‘é’tﬁéhe t hat
an upper suyrfa Eali uni on
an oper abl gﬁ%op@{%fr’\[yg(?ﬁp ﬁgﬁ?’é%g[t ﬁ%%fggf:%] 'ngs hﬁ%‘%?:tgggn% épq?ﬁggle ﬂ{j@{g‘O;éfePAI )
per manent dimension dfrihé Becbnd plurality lof peimgnemt magheist Wi th the adj acent

per manent magnets; and a ferrous keeper contacting the first plurality of
per mmnent nmagnets, the ferrous keeper being positioned on a side of the

second plurality of r t ts fu stofro u : face. 19
WD 03/ 004302 PCT/ USO 2108@&2@. rﬁg s%/fstél%qnﬁf %’ai m%(?m(g@ﬁmégél a%'gral

di mensi on @iedthtonductive cover positioned over the upper surfaces of the second rails.

28. The system of claim 24, wherein a longitudinal dimension
of the second plurality of permanent magnets is different from a corresponding

longitudinal dimension of the first plurality of permanent magnets.

29. The system of claim 24, wherein a longitudinal dimension
of the second plurality of permanent magnets is shorter than a corresponding

longitudinal dimension of the first plurality of permanent magnets.

30. A cart for levitating above and moving along a length of a
track, the track having a pair of first rails each having a first plurality of
permanent magnets of aligned polarity thereon, and a second rail made of
electroconductive material extending along the length of the track, the cart
comprising:

a pair of third rails at least substantially alignable with the pair of
first rails;

a second plurality of permanent magnets coupled to the pair of
third rails and aligned to oppose the polarity of the permanent magnets in the
first rails such that the object levitates above the track;

a ferrous keeper contacting the second plurality of permanent

magnets; and
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first plurality of permanent nmagnets is different froma correspondi ng

| ateral dinension of the second plurality of permanent magnets. 26. The
syst em ofwoloaiom3g2 wherein a | ateral dinmension of the fi Pst/ysbue@Bsty of
per manent magnets is snmaller than a corresponding |ateral dinension of the
second plurality of permanent magnets. 27. The system of claim 24, further
conprising an electroconductive cover positioned over the upper surfaces
of the second rails. 28. The system of claim 24, wherein a |ongitudinal

di mensi on of the secchdisglapuplad ip tbe qask ivaietaie abayhatretary agisrwigh eeapeadtom a
correspondin | ongi,t udi nal di mension. of .the first pluralit f_.per manent
magnet 5. 260 tRGAEy RIS 7 BUraNRaf Befinahed gt eretar Akl R of
the second rgidH; ahis }(h@Hi%éfﬁ@%B%iti%ga%& hoHigH HRIrebMAtIGsE PrO@RRPREI Ng

| ongi tudi nal dinmension of the first plurality of permanent nmagnets.” 30. A
cart for | dhetsscond rab@anel beidgmmnitrodablyooiatablecimgihle priesance ohdie sehend r ack
having a paif of first rgi | s eacEBhavi ng,a first pluralit per manent

of
magnet's of 8l QSRR PHEY CHAERBBRIVGRTTING BRTEARETANFORRIAL dhe tisc an
el ect r 00onHgt S RIBLLR)e FAEAAN 001 B6brd il #9010 bfa! daherdide

cart conprising: a pair .o ral east substantially alignable
wi th the pahe oblectWithsiespett to;tha tisekond plurality of permanent magnets

coupled to the pair of third rails and aligned to oppose the polarity of
t he permanent magnets in the first rails such that the object levitates

above the track; a feyqyou r . aChLh N | ur.al i f
per manent rmagnets; g%‘d ZST%%%% 86%%@ %%%@@/ﬁﬁg@gga%gécrhém%ﬁsto
the cart taouplat® thbWbjed t6 PhaihtaiRicsSobfethaligfidenith thetradie cart, the disc
having a plurality of permanent magnets spaced about the

32. The cart of claim 30, further comprising rollers coupled to

the cart, the rollers being positioned to be spaced apart by a gap from the first

rails to maintain the cart aligned with the track.

33.  The cart of claim 30 wherein the second rail is in the form
of an elongated plate and the wherein rotary axis is aligned to be at least -

substantially perpendicular to the plate.

34. The cart of claim 30 wherein the second ‘plurality of

permanent magnets are movably coupled to the pair of third rails.

35. The cart of claim 30 wherein the second plurality of
permanent magnets are coupled to the pair of third rails in a manner that allows
each of the second plurality of permanent magnets to move laterally with

respect to the respective third rail.
. 36. The cart of claim 30 wherein the second plurality of

permanent magnets are slidably coupled to the pair of third rails to move

laterally with respect to the respective third rail.
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rotary axis, the disc being positioned wwth a portion thereof in close
proximty to the second rail and being controllably rotatable in the
presence WD oBhet3second rail to create an eddy current betragarsor/nmss

per manent magnets in the disc and the el ectroconductive material of the
second rail to accelerate and decelerate the object with respect to the
track. 31. The cart of claim 30, further conprising guide nenbers coupled
to the object to naintain the object aligned with the track. 32. The cart
of claim30, further Tonprihg rgrt ¢if| eleéncdlpwdhereio theresanand, pturalityobf er s

bei ng positioned tp be spaced apart by a fromthe fjrst .rails to
mai nt ai n trPgrE‘éPE”Q!”i‘ Sv@thg]f(%ebw r@é&‘l?lqugo tif‘ﬁep@érqf ﬁ?rdcr%llirsni[%én%eer ein
the second Iét.%‘réllgl' with Pedpct tOMH. redpchiveltergAIe ] RlrfheRnidRINN ST Rizdt
rotary axis 1s aligned to be at |east substantially perpendicular to the

pl ate. 34. ofee gome noémbéeanicoupdviereach ofiehsesecahdlpluraliiyt pf gfermagmentinent
magnets are novably coupled to the pair of third rails, 35. The cart, of
Clai'm 30 wieAGHaS e Adbasicons aride Mamper beunasefionedimesatast 8ng Ghied ¢ o
t he pair ofg.t:hi I i I f .

ol ar a1 1 1y dFtgalSrgbh Spebar B Pt Mtbreh Mo afting calt ViF REREL o
respect i ve thditragkr@islults .in ¥ierallmovameniodf at kiast dbevdiethei seddnd sarcaibg of
plurality of permanent magnets are slidably coupled to the pair of third
rails to nov@dnetdteral ly with respect to the respective third rail. 21 WO
03/004302 PCT/ US02/ 21088 37. The cart of claim 30 wherein the second
plurality of permanent magnets are slidably coupled to the pair of third

rails to nove |ateraddy VA hEethes redbvitaling@n bBRREabbVe atthadkdtHealath@nd
further conprising at |east one guide nmenber coupled to each of the second

plurality coOnpgisingient magnets, the at | east one gui de nenber being

positioned to cont athix?nrbetoOIhé[ g?fgck a first plurality of permanent magnets with their

polarities upwardly aligned;

contacting each of the first plurality of permanent magnets with a
ferrous material;

providing an object having a second plurality of permanent
magnets positioned to align with the track, the second plurality of permanent
magnets having their polarities aligned to oppose the first plurality of permanent
magnets; and

contacting each of the second plurality of permanent magnets

with a ferrous material.

39. A method for levitating an object above a track and moving
the object along the track, the method comprising:

fixing to the track a first plurality of permanent magnets with their
polarities upwardly aligned;

contacting each of the first plurality of permanent magnets with a
ferrous material;

providing an object having a second plurality of permanent

magnets positioned to align with the track, the second plurality of permanent
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first rails during operation such that |ateral novenent of the cart with
respect to the track results in |ateral novenent of at |east one of the
second plwpaBioo43onf nmagnets. 38. A nethod for |evitatingPan/usb}/zess above a
track, the nmethod conprising: fixing to the track a first plurality of

per manent magnets with their polarities upwardly aligned; contacting each
of the first' plurality of permanent magnets with a ferrous material;
providing an object having a second plurality of permanent magnets

posi t i oned magnréts draving theirrolaritizskalignes tocennesegha fiast plyradity plepermanant
magnets having their polarities aligned to oppose the first plurality of

per manent rﬂ@é]{h fs; and contacti ng each of the second plurality of

permanent magnets W ddhtdctidf EQES IR s8bondDlurdiifEbh Yeriihehe thidgidtag an
obj ect above a track and noving the object along the track, the nethod

conpri si ng:with aifergou®netierialr ack a first plurality of pernanent nmagnets with
e e et o S BRSOl o S ol s B
he. second AP UFHTT 320 Ther manent - 22 VD 03/ 004302 PCT/ U802/ 21088 magnet &
having their polarities aligned to oppose the first plurality of pernmanent
e s ot LY Sataling a dise caryng parmanent tagnef in'The proximiy of the "
rail of electroconductive material such that an eddy force between the rail and
the permanent magnets in the disc cause the object to move with respect to the
track.40. A system for magnetically levitating and moving an object, the
system comprising:
a track having at least one first rail extending along a length of the
track, the first rail carrying a plurality of first permanent magnets having their
poles aligned with each other such that an upper surface of each of the first
rails has a uniform polarity along an operable portion of the length, each first
permanent magnet having a first length measured in the direction of the track;
an object having at least one second rail configured to align with
the at least one first rail, the second rail carrying a plurality of second
permanent magnets oriented to oppose the polarity of the permanent magnets
in the corresponding first rail such that the object levitates above the track, each
second permanent magnet having a second length measured in the direction of
the track, the second length being different from the first length; |
a third rail made from an electroconductive material, the third rail
extending the length of the track; and
at least one disc coupled to the object to rotate about a rotary axis
with respect to the object, the at least one disc having a plurality of permanent
magnets spaced about the rotary axis, the at least one disc being positioned
with a portion thereof in close proximity to the third rail and being controllably

rotatable in the presence of the third rail {o create an eddy current between the
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positioning a rail of electroconductive material along the length of the
track; and rotating a disc carrying permanent magnets in the proximty of

t he railwofo3mbsetr oconductive material such that an eddyPCorusezbmwssween the
rail and the permanent magnets in the disc cause the object to nove with
respect to the track.40. A systemfor magnetically levitating and noving
an object, the systemconprising: a track having at |east one first rail
extending along a length of the track, the first rail carrying a plurality
of first peararaeent magnsts imahe disa ard the gigarocanigetivg mattwaéacgﬁh@tth@d such
t hat an upper . surface of each of the first. rails h niformpolarity

2l ong an ol I PECaBrP AR et aRral b g HISE Feshett Ty Beiaest mgnet
having a first length neasured in the direction of the track; an object
having at | east one second rail configured to align with the at |east one
first rail, .the secondl.r ai The aystgnmef lgiudal wheraif theqiulitypef fiestenails
magnets oriented to opPose_the polarity of the pernmanent magnets in the
cor r espondiGRISESIWOLABL EllSh t hat the obj ect |evitates above the track,
each second pernmanent nagnet having a second | ength neasured in the
direction of the track, the second |l ength being different fromthe first

length; a third rail 4mde Thegystanebichinodondhericiny eacmbetheaplurdlite of firstd
rail extending the length of the track; and at | east one disc coupled to
the obj ect ReEsTEGERt eMABBEES 4N r Beafijstasaib is wint woptaghewitht the rdiatgnicfirstt he

at | east O}%F%Z‘%QPﬁ]vd;g@%ttéirpﬂhgg’lgéééf)éi\ﬁ%ffirgﬁraﬁanent magnet s spaced about the

rotary axi one elrng positioned wth a portion thereof
in close proximty to the third rail and being ' controllably rotatable in
the presence of the third rail to create an eddy current between the 23 WD
03/ 004302 PCT/ US02/ 214588 Pee susiem ofralgiret4) whereip alladerahséimengion of the

el ectroconducti ve material of .t hcﬁ t hi {cf*l rail to acgel elr ?etar%l %nd decel ?rate
the obj ect {Kftt Ren tmggn?’(ﬁést f;%rﬁp rom a corresponding’la imension o

the second permanent magnets.

44, The system of claim 40 wherein a lateral dimension of the
first permanent magnets is smaller than a corresponding lateral dimension of

the second permanent magnets.

45, The system of claim 40, further comprising a ferrous
keeper member in contact with the plurality of first permanent magnets in the at

least one first rail.

46. The system of claim 40, further comprising a first ferrous
keeper member in contact with the plurality of first permanent magnets and a
second ferrous keeper member in contact with the second plurality of

permanent magnets.

47. The system of claim 40, further comprising a ferrous
keeper member in contact with the plurality of first permanent magnets, the
keeper member being positioned on a surface of the first permanent magnets

furthest from the upper surface of the rail.
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41. The system of claim40 wherein the- plurality of first rails conprises
two first rails. 42. The system of claim40 wherein each of the plurality
of first wpesesent magnets in the first rail is in conta®CTRSII210B%

adj acent first permanent magnets in the respective first rail. 43. The
system of claim40 wherein a |ateral dinension of the first pernmanent
magnets is different froma corresponding lateral dinension of the second
per manent magnets. 44. The system of claim40 wherein a |ateral dinension
of the flrst per manetd. na'ﬂifét%lstamsﬁfalql@m t%nfmhﬁirc@@q@@ﬁmgn@ Ifatrevs|

di mensi on t he secon er nanen 4 e Iem m 40,
further co |eip§f r?(?d af‘e‘?q fﬂ%COWQé'QB\é‘? i’?e %% l@%%t% %/Sf\f\)? F?Ol[ﬁ %%P&h ty
of first pedimneRicofstialith itfe it BérmArRAtImagRets 4% befld podfiond@efsyst em
of claim40, further conprising a first ferrous keeper nenber in contact
with the plauricetof the finst sErrpamamtnmagnehsgiwﬂmsafrdnatheseppedstuéamemﬁ theeper
menber in conptact with the second lgl urallt of er r}t ma nets 47. The
system of ¢PhitREAGVer RRINGROSHNNGT QY& dhe UpRet caddpersidder in cont act

with the plurality of first permanent magnets, the keeper rrerrber bei ng
positioned on a surface of the first permanent magnets furthest fromthe

upper surface of the 4@l .THsWleRBo0f4B020PUrHB@RNBRY gdide Mbmbeyst em
of claim 40, further conprising a ferrous keeper and an el ectroconductive
cover the #ouplassio thrdragkrand theuq’bje@tﬁe nRAIBHR th%ebjﬁ@t aligneshwile thefregk+ he
first permanent nmagnets and being positioned of a surface of the first
per manent nmagnets furthest fromthe upper surface of the rail, the cover

bei ng positioned oversg he THpsysten beigin®HBot AtHdriconpriing guide members
coupled to the track and complementary rollers coupled to the object to

maintain the object aligned with the track.

51. The system of claim 40, further comprising rollers coupled
to the object, the rollers being spaced apart by a gap from the rails maintain the

object aligned with the track.

52.  The system of claim 40 wherein the third rail is in the form
of an elongated plate and the rotary axis is at least substantially perpendicular

to the plate.

53. The system of claim 40 wherein the at least one disc

comprises a pair of discs positioned to rotate in proximity o the third rail.

54. The system of claim 40 wherein the at least one disc is
movably coupled to the object to controllably move between an engaged
position in which the permanent magnets in the disc are proximate the third rail,
and a disengaged position in which the permanent magnets in the disc are
spaced apart from the third rail by a distance sufficient to at least substantially

eliminate the eddy current therebetween.
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49. The system of claim40, further conprising guide nenbers coupled to
the track and the object to maintain the object aligned with the track.

50. The swetoav43b2 cl ai m 40, further conprising guide nmenb@cs/usouploesl to t he
track and conplenentary rollers coupled to the object to maintain the
object aligned with the track. 51. The system of claim40, further
conprising rollers coupled to the object, the rollers being spaced apart
by a gap fromthe rails maintain the object aligned with the track, 52.
The system of clai m &5.whelhg Bystem tafi eldimaft® wheiein tthe abileast. ee dlisc

el ongated plate. and the rotary axis 1§ .at ast subst.antial |l y.perpendi cul ar
Co the i alerisess oof, AT URY pB3iENRAAB el ah PERE R, 1 ietieioRg
conprises aadfdi8ts BEPESMBesHIyicoupkd @ thetdHj8ctitd dIreiiBbiYmbde bBEvédH I d
rail. 54. The system of "claim40 wherein the'at |least one"disc is novably

coupl ed t o anhengsgjescpositiore onwhihl thel permanenb slagrets imthendjagede ppmdéingieon in
whi ch the permanent magnets in the disc are proximte the third rail and
2 di sengagdt® PUSI Ao ANFIR tReBACGSE PRSERR AR NITICR I PS ARG HaTeeRE!S I e
spaced apari i i - di St i Ci :

substanti ald:isilJ %g}isﬁgﬁg{j gé é%terf@gwh%utﬁlrrgnrt%qlﬁaﬁg%egﬁé%%nsnglé%q%ﬁtg%}%z
PCT/ US02/ 2 5@88tanfially éheirsats tleeredfly claent therettetveen. t he at | east one di sc
conprises a pair of discs positioned to rotate in proximty to the third

rail, the pair of discs being novably coupled to the object to
controll ably nove between an engaged position in which the permanent
magnets in the disc are proximate the third rail, and a di sengaged

position in which the permanent magnets in the disc are spaced apart from
the third rail by a distance sufficient to at |east substantially
elimnate the eddy current therebetween. 26
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