WO 02/ 075906 PCT/ US02/ 08401 ADJUSTABLE MAGNETI C COUPLER TECHNI CAL FI ELD
The present invention relates to permanent magnet couplers of the type
havi ng a wagnersdet or on one shaft adjustably spaced frompPaTamsziosadDr rot or
on another 5 shaft. Mre particularly, the invention relates to nounting
the adjustable rotor to its respective shaft. BACKGROUND OF THE | NVENTI ON
I nduction notors are used, for exanple, to drive fans, blowers, punps and
conpressors. It has been recogni zed that when these notors are operated at
full 10 speed they nor mal ARJHSHABRER MA6NFAIECPYPEERconpared to the | oad
requi renents, and this excess capacity is conpounded when the load is
variable. It has also been recognized that if the output of the notors

coul d be aﬁfa NGE AT @y i de only the needed power, a significant
reducti on of energy usage would result. Hence, variable speed drives

(VSD s) have been deV¥hkt peehtiiiventien telates of pehentntonagnet evipdes oihectyprat ch

15 notor speed to that required for _a Men application. A typical VSD
rectifies havERm Apengtieotps PR 5@ shafipdiustabbn spacad fomca candusior I sanoRler pe

e womgy Sttt AL DR Ol 30 eniBR daibicl W nd 1 ARSI Y0lo} 30520

frequenCy 1s de e actu power “needs“and r's set automatically
by a contrfkp&yist ehafor by an operator. Heretofore, VSD s have generally
been so expensive that they have not 20 been used extensively for energy
savings. It has been reported that VSD s require the availability of

hi ghly traj ' nd shorten notor life. United States
Pat ent NOB%%EQWWEWQP? shows a magnetic coupler in which a
magnet rotor unit i siRfuc@sidhRebrdYrd WRdCRREIeHPle, 1OEKE 3] BldwaEs pueginect ed
together to rotate as a conductor rotor unit on one shaft while the magnet

25 rotor umid compressont. elf has heon atcoguined st sdied thergfmotomare wgistad #dllr uni t
12 2 Gl RS R BB e e PO GBS AR
Copect veyRREl piaclecp U anith toneats{ e shai e i
recognized that if the output of the motors could be adjusted to provide only the needed
power, a significant reduction of energy usage would result. Hence, variable speed
drives (VSD’s) have been developed in the form of electronic devices which match
15 motor speed to that required for a given application. A typical VSD rectifies incoming
AC voltage and current into DC, then inverts the DC back to AC at a different voltage
and frequency. The output voltage and frequency is determined by the actual power
needs and is set automatically by a control system or by an operator.
Heretofore, VSD’s have generally been so expensive that they have not
20 been used extensively for energy savings. It has been reported that VSD’s require the
availability of highly trained maintenance personnel and shorten motor life.

United States Patent No. 5,477,094 (the *094 patent) shows a magnetic
coupler in which a magnet rotor unit is straddled by two conductor rotors which are
connected together to rotate as a conductor rotor unit on one shaft while the magnet

25 rotor unit is mounted to rotate on a second shaft. The magnet rotor unit has a set of
permanent magnets arranged with their opposite poles spaced by air gaps from ferrous-
backed electroconductive rings mounted on the respective conductor rotors. Rotation of
one of the two shafts results in rotation of the other shaft by magnetic action without

there being any direct mechanical connection between the shafts.
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t here being any direct nmechani cal connection between the shafts. 1 WO

02/ 075906 PCT/ US02/ 08401 The '094 patent al so discloses the concept of
havi ng t wsOrmagm®be rot ors rather than a singl e nagnet rotoPCHrtsSN2/084t h each
magnet rotor having a respective set of pernmanent magnets spaced by an air
gap fromone of the el ectroconductive el enents presented by the conductor
rotors. The two magnet rotors are axially noveable relative 5 to one

anot her and are spring biased apart. In U S. Patent No. 6,005,317 (the '317
patent), the magnet The¢ 9% patent apposlitdloses thepmwaibtpt ofiddving|twbi nagneorogas h

ot her such aﬁqto var%{ t heir axi al osiﬂ;i ons omat.i cal | i fr.oma

. au%j at | 1
renote confaR BETiNER Magnpt ioiAr ywltnyyith eachynaenetrqias havme arespective ittt or que
froma con Var | t i 10
?%ﬁ%erﬁgﬁ efP{fAked By a?l{ %@%gﬂ cg‘{e%fethle QAL BPSH AL RDe18herfts

| ower cons y mal nt ai ned speed. spring biasing the two nagnet
rotors as presértel byod cpademndr, rotdde Tlpoisiol magiet aftors age asiglhyemoredbiy latine t he
'317 patent are controlled froma stationary control mechani sm which
comuni Cat Ex0ng gathghandgrg spripgbiassdPRaitsm operating on the magnet rotors to

selectively move t hem b‘?ﬁ‘.‘aﬁﬂerﬁrﬁ?.a@%i‘,?ﬁ gtge ‘Aé@gaﬁggﬁusérm P r@tbrst fe MOVE

15 them further apart t0 narrow théeé arr gaps. ment varies the

rotational psditively pbiaed trilativ@goedach adthdr butht 8s ad dvdri etheid nakid t gositiodk or
units for a given torque | oad and hence affects the speed of the |oad. For
a gi ven topeamatiesdly at alldram gapaotepontiel laggtioatte grovide py aiimp adietmest que at

a preset rotatiopal speed differential l.ow t he o h tor, 20
Sy T RO FER 4 et SBAPmal g H A RE R i logt Bepaf R &

adj ust aly e 1dwmgRekdtmtaHRhBIfdispeedthi ch a magnet rotor and a conductor rotor
are positioned in proximty with each other such that rotation of one

rotor results in rot &isiead opSpitgbiasingihe twoldgniebroserg ag enithgi 09 paterttj thet
shaft, and is,.configured to sli.de w respect to first .shaft hut not
orate it ROSSSRR S e fordin fad L A pERTES heuleldrar 2 SlesBREY ot char
rotates, tRechiknt QO nhifcdtbs wit BE adfReiRi mEMafisnl SpebRiHg Rdhd Mafhe hub
and the conductor rotor is coupled to a’second

rotors to selectively move them toward one another to widen the air gaps or to move

15 them further apart to narrow the air gaps. Gap adjustment varies the rotational slip
between the magnet rotor units and the conductor rotor units for a given torque load and
hence affects the speed of the load. For a given torque load the air gaps can be adjusted

to provide the torque at a preset rotational speed differential below the speed of the

motor.

20 SUMMARY OF THE INVENTION
The present invention is directed toward adjustable magnetic couplers in
which a magnet rotor and a conductor rotor are positioned in proximity with each other
such that rotation of one rotor results in rotation of the other. A hub is engaged with a
first shaft, and is configured to slide with respect to the first shaft but not rotate with
25 respect to the first shaft. Consequently, as the first shaft rotates, the hub rotates with it.
The magnet rotor is coupled to the hub and the conductor rotor is coupled to a second
shaft, or vice versa. The rotors are configured to rotate with the respective shaft. A
push-pull mechanism is rotatively coupled to the hub such that the push-pull
mechanism maintains stationary even when the first shaft and the hub rotate. The push-

30 pull mechanism is operative to move the hub and the rotor attached thereto axially
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shaft, or vice versa. The rotors are configured to rotate with the
respective shaft. A push-pull nmechanismis rotatively coupled to the hub
such t hatwoOle/opwsh- pul |  nmechani sm mai ntai ns stationary eeemn/usheos4dhe fir st
shaft and the hub rotate. The push 30 pull nechanismis operative to nove
the hub and the rotor attached thereto axially 2 W 02/075906

PCT/ US02/ 08401 along the first rotary shaft. Axial novenent of one rotor
with respect to the other rotor changes the distance between the nagnet
rotor and tlagdonfisttaarysbifor Axal revemgnitdfene petof withaespeciab thdhetheowpdrer . | n

anot her enmbpdi ment of the present invention, air _of adjustaple rotors
Are. spaced CHAH 4 fitieies BRGIFCLdts HEES 19 20ele qoatclst oo ARt Me use
of a pushypuhlndeehpmbsigim I ar to that discussed above. A first

adj ust abl epr ot orﬁl%s ﬁ:ijlnkecf;i to the second adjustable rotor such that

novenent of one rot oin resthét esmbodimene wéribe pfeserthavettivay a pair ofiedjpatablecul ar
enbodi nent, novenent of the hulh and the first adjustahle raqtqQr in qne
direction FeS ¥ spaped fom aé%gﬁaﬁ%@ssés\b&h@m& A aﬁmﬁg%@aﬁ%fa%e&% Pe 10
rotor in a i I j Y I I St

ot ok ShAAPROF WL HESH o 05 ALLLOR Voo Ve MRR oS LS,

adj ust abl e t¢ ¢Heogesoatlj@stdbid fodor Juck €leht nidiealent dSoriehetordEsidt abhevemkay e ar e
configured with nagnets and the fixed rotor confiqured with a

el ect r ocondicothle Injang pagicular embodinagat, reyementahthegrubtand tb?)ﬁéﬁt%éiusﬁbkv\een
the th . | i dj : f f t
155 yer ARFHE ohE Bslm ol Ak 4B TR hOaRE! P UG bahlipRY ot oM

nmagnet i@ Coupl eh a@Osipobikedirdotionf | Xechraiaty! snovBhehBf &l Hft Abjistablt Ais The
fixed- rotors are coupled to a shaft to rotate with the shaft, but are not

perm tted wesultsiman adipsimest of|tbygpacing bebaden, bothhadjusiphls refbrseandst third, fixpd t he

ot her hand,_ are vabl e. in. an axial directi.on.wth respect,tq.the shaft,
but ar e nor®BEr it i e RBR AR e SRnEGisk Pt kst BRGrpS Teied BN he
adj ust abl e copti@ired vathRY Ble@Bohdactilel ﬁ@%}' & b vekBeaddbtHizhAbl hd PRIy are

| i nked together such that axial novenent of one adjustable rotor results in

a corr espdativesy tizexthese rotovsanesits infn aHjsstotentio thelperfratanee pidtho system.

Consequent |y, adj ust qent, b2, hushiopull 1eghan smof, Lhe b, 30008
magnetic coupler comprises two fixed rotors and two adjustable rotors. The fixed
rotors are coupled to a shaft to rotate with the shaft, but are not permitted to move
axially along the shaft. The adjustable rotors, on the other hand, are movable in an axial
direction with respect to the shaft, but are not permitted to rotate with respect to the
20 shaft. One of the adjustable rotors is mounted on a slidable hub. The adjustable rotors
are linked together such that axial movement of one adjustable rotor results in a
corresponding axial movement of the other adjustable rotor. Consequently, adjustment
by a push-pull mechanism of the hub and one adjustable rotor results in a corresponding
adjustment of the other adjustable rotor. Using the push-pull mechanism, the first and
25 second adjustable rotors can be spaced by a desired distance from the respective first

and second fixed rotors, modifying the performance of the magnetic coupler system.
In still another embodiment of the present invention, the distal end of the
first shaft is rotatably coupled to the distal end of the second shaft, such as by a
spherical bearing. A flex disc coupling positioned along the length of the first shaft

30 allows the distal portion of the first shaft to pivot about an axis perpendicular to the axis

of rotation with respect to the proximal portion of the first shaft. The spherical bearing
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adj ustment of the other adjustable rotor. Using the push-pull mechani sm
the first and 25 second adjustable rotors can be spaced by a desired

di st ance wpniorives r espective first and second fixed rotoPsT/usotiof4yi ng t he
performance of the magnetic coupler system In still another enbodi nent of
the present invention, the distal end of the first shaft is rotatably
coupled to the distal end of the second shaft, such as by a spherical
bearing. A flex disc coupling positioned along the |length of the first
shaft 30 ahllowssthe liestashaftad rqaatetftesly with réspedtito she sdeahd stiaft, puvekisaliatatal an
axi s perpendicular to the axis rotation with respect to the proximal

f
por'; i on ;)f mpﬁ@nwlr@wgeﬁaﬂlp.t:fvhsélagi)hé\si %@ﬁsuls@afrthﬁglink:@gwf@@ﬁm@gﬁaﬂ and i
PCT/ US02/ 0 i _ :

et el B B Gr R BRLE bt RieBol BEBR YL I pBERESRG © 1 Ne

second sha resi atera V et ween

result of ghifs. ThiRkAgehtuitMBebnte bkiicistantexpetenrd bsbaté bsboth Beafeilght  of
the magnetic coupling is born by both the first and second shafts. This

wei ght di sadditben ithmcaralinpteapuefabe spheripal depeng and g floy diseecopplinpalipvetiiets. | n

5 addition, the. conbj.nati on of e herical heaki nd the,flex disc
coupl 1 g alPBRE DAL n R <EeHERRE o iet BRaRE e d S U iR eiet e
first and geeapdistafts are not exactly aligned. BRI EF DESCRI PTION OF THE

DRAW NGS Figure 1 is a longitudinal sectional view of a magnetic coupler
according 10 to an enbodi nent of the invention, shown in a narrow gap

position, yi cti =] .4 jgure 5. Figure 2 is a perspective
vi ew of thé%ﬂ)ﬁ(gﬁgg&@%eéﬁ gFIEé%ﬁWSgW thout the conductor rotors.
Figure 3 is a plan vegycpid e?l%ﬁgi‘ﬂﬂiim séQioBhIOHER of a ndapnEliOMdBIct ab&rdinp! an
view like Figure 3, but with the gap adjustnent mechanismrfetracted so
that tHé nagaetenrbotimment arfethe nnwntibmeshgpsm jpos inairow. géf gosidorg viswad aloagsver se

secti onal gi ew of tr{;ﬁ portion of the magnetic coupler of Figure 4, viewed
al ong Sect PefiioB-151 g6 is a left end view of the portion of the

magnetic coupl er of pisure 2 is a perspective view of the magnetic coupler of Figure 1
without the conductor rotors.
Figure 3 is a plan view corresponding to Figure 2.
15 Figure 4 is a plan view like Figure 3, but with the gap adjustment
mechanism retracted so that the magnet rotors are in a wide gap position.
Figure 5 is a transverse sectional view of the portion of the magnetic
coupler of Figure 4, viewed along Section 5-5.
Figure 6 is a left end view of the portion of the magnetic coupler of
20 Figure 2.
Figure 7 is a perspective view of the portion of the magnetic coupler of
Figure 2 wherein the magnet rotor in the forefront has been removed.
Figure 8 is a longitudinal sectional view of a magnetic coupler according
to another embodiment of the invention, shown in a narrow gap position, viewed along

25 asimilar section line as Figure 1.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is generally directed toward magnetic couplers in
which a first rotating shaft transfers rotational energy to a separate, second rotating

shaft. In particular, the present invention is directed toward a system which allows one
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20 Figure 2. Figure 7 is a perspective view of the portion of the magnetic
coupler of Figure 2 wherein the magnet rotor in the forefront has been
renoved. Woganesose i s a | ongitudi nal sectional view of a nmegmatSozioszoupl er
according to another enbodi ment of the invention, shown in a narrow gap
position, viewed along 25 a simlar section line as Figure 1. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention is generally directed
toward magnetic couplers in which a first rotating shaft transfers
rotational reoetody dxinlly adppesdavith respecd nulthe otlet rotgr tsmadify thenpepl@rhamoelodr , t he
present invention is directed toward a system which all ows ? e. 4 W

02/ 075906 ﬁ@T’F’@E@?ﬁ@Bﬂ@? Wﬁrsp@%ﬁaéefaséﬁ 8f P;ﬂaalajemoganwt% A a’éslﬁlé?ﬂtloflo the

other rotor t Q‘T‘ n){ tﬁ{]?oli’o%ﬁg & rrgﬁ oﬁf Elh 1%@1%991'[ ﬁé}Hdera th[mér thin

specific dét certain e e |nven are se

the foll OWIuﬁdlerﬁiﬁﬁcﬁﬁg pf beh eambdmeﬂ&s gmesskﬂnea ih Qhepﬁﬂ,\/h(dﬁev%r twitingideltand
under st andi ng of such enbodi nents. One skilled in the art, however, wll

under st and tigt ttheitoraskrd ipversiam mapvkave aiditinngl kabedimerats, | GnaRy dsupiestitedt s, or
may be pract ced wt talls des rlbedlnthefollowng
descripti on: hﬁptgﬁfygall%? ﬁ%?lxa‘tqeé%“&d&%gh tgﬁgm&g Crllpchff)l according to one
enbodi ment  of the prpsent ilwrwakia0iagnBic coORkdr ﬁﬁ@&cbrcﬁ&g aNehedmtydipedt shaft
21 have nmounted thereon a conductor rotor unit 22 and a galr of magnet

rotors 24/ 26 the pspedtinventipn. TAs inputcgnéiuzt end rot @rpuinshatio2] have nmn@siu ally
uctor rotors 26/27 resp ctive rin

e Tt o bBE AL PGP il 2 RS R Shdebet sk TS resbbeB T i o,

el ectrigal GRNMANELYE ki 25 Hmm&awaeedﬂaﬁd&&&%%@Qémtﬂaomgl E‘és?ec%z/e is
mount ed on a conductor hub 36. Conductor rotor 27 is spaced apart fromthe

out put shabbhdfor(duys 23129 afssieghioyvaat toae hedthehendt bxmddi sfturs sedobdérowls by an
annul ar cl earance e 40. The hub 36 is nount he in ft 20,
such as by mt ?E@g@‘%&‘tﬁvﬁgaleﬁ%‘ﬁﬁll ‘f“rﬁ]g“gi"ﬁé( R a8 GRPRSE 166, & Rergptof I’f@% gnet
rotors 24/ 25,1185 o QeohGIHAURL T NELRBCRE 36027 is spaced apart from the output
shaft 21 (and the assembly attached thereto, discussed below) by an annular clearance
15 space 40. The hub 36 is mounted on the input shaft 20, such as by a wedge-type
coupling or a key connection.
Each of the magnet rotors 24/25 has a non-ferrous mounting disc 42
backed by a ferrous backing disc 43, preferably of mild steel. The mounting discs 42
may be aluminum or a suitable non-magnetic composite, and each is formed with a set
20 of spaced cutouts 44 arranged in a circle and receiving a respective set of permanent
magnets 46 seated against the respective backing disc 43. Adjacent magnets may have
their polarities reversed. The magnets 46 are spaced by air gaps 32/33 from the
conductor rings 28/29 of the conductor rotor unit 22.
The conductor rotors 26/27 can be formed with ventilation holes or
25 similar features to assist in the circulation of air through the air gaps 32/33 for cooling
the conductor rings 28/29. Cooling air for the conductor rings 28/29 is free to enter the
air gaps 32/33 from the clearance space 40.
In accordance with the illustrated embodiment of the present invention,
the magnet rotors 24/25 are mounted so as to rotate in unison with the output shaft 21,
30 and also to be axially moveable relative to one another in opposite axial directions for

adjustment of the air gaps 32/33. To this end, magnet rotor 24 is fixedly coupled to a
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backed by a ferrous backing disc 43, preferably of mld steel. The nounting
discs 42 nmay be alum numor a suitable non-magnetic conposite, and each is
formed wwb 0a03®06 20 of spaced cutouts 44 arranged in a cPCEIUS0AMIOL
receiving a respective set of permanent nmagnets 46 seated agai nst the
respective backing disc 43. Adjacent nmagnets may have their polarities
reversed. The magnets 46 are spaced by air gaps 32/33 fromthe conductor

rings 28/29 of the conductor rotor unit 22. The conductor rotors 26/27 can
be fornmed kil pO ety ergagehwithltesowput shftsd Iniol dlide fabguhe ength efsthie swtnuh t he
circulatio f.alr through the air, gaps 32/ 33, for coqlin t he .co ctor
rings 28/ 231.&%6881 Pojgtoiofatg gt trﬁ?eﬁtoﬁ)d@ft%\%p"r |Sh©§ E%F%?)‘Ibl fg)’fapgé“ﬁbﬂgtﬁ?er t he
air gaps 3¢/ it AN AN GrL B8 ndRable SRR APadjlit ACEAT IRNATaMet RotbP @5 i
illustrat edaé%oordi mentf of the pr egent iglnve?ltji on, gét&{w nag%gei% r%t ors 1%4/ 25
are nount edidablyasghged witlah bushing 41l standistal ¢nd dfehoodtpuitshsfidi tto tibye aS‘i_allﬁnd

also to_be axially noveable rel ative to one apother in opposite. axial
di rect i éns™tB rrescfawetth%mtp@rshﬁ@uwt @arﬁgat%wgﬁ¢sp% tp %O‘EH‘&,Shﬂ%g faly ot or

24 is fixegd| : - 6 / hat is
engaged wi ?‘r‘%}é‘%‘ﬁg‘l‘%ﬁ’g“ﬁ%‘ &é :ﬂot§ 2%?1?%&%?&?13% %ﬂ% ngs'h%ﬁﬂ%{ Pﬁgﬁthgg thag 3%’ut put
shaft, but not to roBapsshwullhme@asp6ertis pootial avbhpive thbahigned hetoisu4/39, and
with it the npagnet rotor 24, are thus novable axially to adjust air gap

33. Magnet 2¥igpalopg apratarysasigefiths ownybtiat 4 in Rraosig siesiipns fo yarydhewidth| end

f th t : i@l i . haft
but ot 1 o0h e 2R BP0 TR P stas o boe S R kel ehidf bR thng 1
magnet i1Q I Bargdl 625 adl the hets PO Thr HAal0H bitvingSthafhaghbt ehian4sarddn® nddchardap 32.

A push-pull neans 61 is provided to nove the magnet rotors 24/25 axially
al ong a rolinksd hainsenfthe meagpel pters sfeafmoving ithe opaenel ra@ord 2P ot jegpase dovar y

the wwdth _of the air,gaps 32/ 33. e push- pul | ns,61 conpnri ses a. barrel
el enent  G3mSXFFTBF 8 GRRRIEf a5 2 an i He SHRE FOPORRIE Jrstiong  ne
nmagnet ot HecKshisr? HELAIEB EIMARDBITS hilkpels Beigwgar Hhe magnet rotors for

novi ng the magnet rotor 25 in response to novenent of the nmagnet rotor 24.

In the illustrated edisddstiinitratadin Kguend anddc thefifdmotorci2uiaghe dlvsiritedh r ot or

52 and 1 ! ngmg%dignlzelng Psr geenQally triangle-shaped in elevation providing three outer edge faces

52a, each of which has a central ear 53 projecting radially therefrom. The ears 53 are

| formed with radial bores extending toward the shaft 21 to receive fasteners 54. on which
bushings or bearings 55 are sleeved (Figure 5). The bearings 55 receive center hub
portions of swing units 56, each pivotally attached to a link 57, which is in turn

20 pivotally attached to a flange 58 (Figure 7). The flanges 58 may be mounted on the
discs 42 by cap screws 60a (Figure 7). For each assembly, one flange 58 is attached to

one of the magnet rotors 24/25 and an opposing flange is attached to the other magnet
rotor. Consequently, when the first magnet rotor 24 moves axially, the magnet rotor and

the flange 58 move the adjacent link 57, which in turn rotates the swing unit 56, which

25 in turn urges the opposing link 57 to move the other magnet rotor 25. Consequently,
axial movement in a first direction by magnet rotor 24 results in axial movement in an
opposing second direction by magnet rotor 25. In the illustrated embodiment, the
bearing 55 is located in the center of the swing unit 56. Consequently, the amount of
movement by the second magnet rotor 25 is the same as the amount of movement by

30 the first magnet rotor 24.



As best illustrated in Figures 5 and 7, the fifth rotor 52 in the
illustrated 15 enbodinent is generally triangle-shaped in elevation

provi di ngwoheezsout er edge faces 52a, each of which has &Czarsvz/ed4oear 53
projecting radially therefrom The ears 53 are forned with radial bores
extending toward the shaft 21 to receive fasteners 54 on which bushings or
bearings 55 are sleeved (Figure 5). The bearings 55 receive center hub
portions of swing units 56, each pivotally attached to a link 57, which is
in turn 20 pivot al | yWath teheabriebrotorfl4dn geshsd apEy dromethe))condiptorfrotangéto 58 may
be nounted on the discs 42 by c screws 60a. (Fi e 7). . For C

assenbl y, Baease theyadthefthe ajt 8%%2611? ‘E}ﬁerdﬁég‘ﬁ g‘it?ﬂgﬁliﬁg%’i‘?d F%Yat'i‘f eg‘hfﬁ?S and
an opposin | an .S tk thery : t ly,
ahen the. ritrg HEBreinB ORI of B e L RBRE Wbl bR mag O TSRAT™ e

fl ange 58 pmied thierdalp 268dictdri otor37, towhairoty the widthnof tieatiegart 35 thavbthgr uni t
56, which 25 in turn unﬂes the opposing link 57 to npve the ot her, magnet
rotor 25. wWegresgeiened yvi %@L&he%gv\@ﬁ%ﬁ’ﬁ qopductes foder &) pREDAERY HRF HRgHRt
rotor 24 regsults in axial nmovenent in an opposing second direction by
magnet rotdr 25. In the illustrated enbodi nent, the bearing 55 is |ocated

in the center of theaspkdgliluiated3n Figuasisiesnded|tjughinghad pabingtof dfe magneement
by the second magnet rotor 25 is the sane as the anount of novenent by 30
the first rogmist torarythepwidtisofibecdy gps §8/63 met/begoormplithed bywsing aEarishgnet

rotor 24 is hed .away f.rom.t he cond Qr._rotor I i dt h
of the ai rc"’d‘glﬁl? ﬁ‘gmht% BHEF bﬁgalré?mggc% P aﬁtggll SOVSﬁg?ﬁeeg Bly g&éfg%’?@?ﬁgﬁﬁn th
rotor 58, pNCTRAHhODAREIMINShI6E nidifitediby aaBt Bearink ki 6l 98 thadigputishet magnet
rotor 24 is pulled toward the conductor rotor 27 to narrow the w dth of

the air gapl 33} thehateelearent 63rigmetniedbpa saBndibearitgutiéhicdthe bwape. The
Fi gur os 1 STESta AT AGaR T BRI AT e rothe oppelsrnbal BRI ne
ML okt Do ORES, ST AR g taptal e
el ement 10irfhdr barted elanmat 6Dark Bist etne A2t atGRhéd tontha it bayrelad andsa sé¢send i ng
unit 6415on a;ngl ?73 %#i%gr%tl)%? 2gt§ched to the outer barrel 63. Relative movement of the first and
second arms 72/73 results in barrel cam 61 moving the hub 50 axially with respect to
the output shaft 21.
Axial movement of the outer barrel 63 acts through the second bearing
66 to correspondingly push or pull the magnet rotor 24. As before described, this
20 results in equal endwise motion of the other magnet rotor 25 in the opposite direction
by responsive operation of the swing arms 56. Thus, selective relative movement of the
first and second arms 72/73 results in varying the air gaps 32/33, and thereby varies the
output speed of the magnetic coupler 10. The first and second arms 72/73 may, for
example, be connected to a stationary electric rotary positioner which is controlled by a
25 process controller. If, for example, the load is a pump whose flow output is to be
controlled, a measuring device in the output stream feeds the output data to the process
controller which then signals the rotary positioner for the required rotary movement of
the first or second arm 72/73 to properly adjust the output speed of the magnetic
coupler.

30 The output shaft 21, rather than being the actual input shaft of the load,

can be an add-on shaft section as shown in Figure 1. This add-on section of output



21 and the outer elenent 63 is nounted by a second bearing unit 66 to the
hub 50. The output shaft 21 and hub 50 can thus rotate with respect to the
barrel cawp®2075bhe barrel elenment 63 has a groove 70 whi eoTArsgzems1 a
sliding block 71 (Figure 3) coupled to the inner barrel elenent 62. A
first arm72 is attached to the inner barrel 62 and a second 15 arm 73
(Figure 1) is attached to the outer barrel 63. Relative novenent of the

first and second arnms 72/73 results in barrel cam 61 noving the hub 50
axi al 'y wi shefi 2lsiseennacted at halivialtopdtposiings 2 1age theafiitly rotan ¥ aran e plate 8B ut er

b | 63 acts th h th beay 6 di ngl . .
ol 1t ho naGieopes 4 whctend HRRS B Rl P seplip SOn RN SRR AT R RS ol
endwi se MDLhh SftedddBeRiRRthEBENPlaté @hP Ehe?Bith RotbP € AORIOS? teBnlictehk iecpd by

responsi ve operation of the swng arns 56. Thus, selective relative
movenent oplateh@) tofthe shafteddd second arns 72/ 73 results in varying the air

32/ 33, dth I th t put d of t t I
P S EBY oA A b 24 5PBEG i 28 TS ERHRL
stationary cﬁlkrgﬁffcav SortiH Rlc¥i frllaté'}ﬁ'ﬂes”o, Whir Gkl 18 F6T Rlth @ uRr RoupdeC eSS

controller. for exanpl e, load i1s a punp whose flow output is to be
cont r ol | ed21aageass swhichgthel énnier eack of theefistibguing SHrie aeatéde ctse tdvplen @6pas adat a

to the process, controller ich then _sjgnals t rotary posjtioner for the
required r 8?13PE?%\?@?1%JﬁPt66ﬁ%Fﬂ@PP?% 85 WBterich Rap Firos T epiye Shesstvaly

adj ust the; P fat net i LB, : 21,
rat her t hah‘ﬂ%r(ta F}%gt ?h@g%g)&g] Kﬁﬁﬁ’l&%ﬁue%@k@a 183%?{%&2%%&%2 Hg lélfz}gédc%on
shaft sléct 86atoaforcifiie ¢oupler §6k@thk.shdfR$ respdnsive oeiphieningodf soretysB9. The WO

02/ 075906 PCT/ US02/ 08401 shaft 21 is connected at a distal end portion 21
a to the fihpbgomperaniss86a,and 86b ehihesanplerd® argseeured fasther tpebalis e And

face of thg &g%é il s?%‘ﬁgxi t%{héx?&?ocléh%ﬁ b%n.@%c! ’ﬁ)?s%c 20ty g&%&;}t{é%géﬂ 20Whi ch

ext ends bet e en e an e fi rotor. connects the

end plate 80 to theThbaddscrled arrdh@nihafibcadporetipants shafmsdckion N2 kad
portion 2la to an internediate cylindrical portion receiving the hub 50,

and then i soupemifomekesht passiklerigleasilsingtall @s remove the magnetic coupling 10 of the

15 present invention without moving the load and its related input shaft 21 or the prime
motor and its shaft 20. The structure also allows the magnetic coupler 10 to be used
with ioads or motors having varying shaft sizes. By replacing flange 86 with a reducing
flange or an oversized flange, the same magnetic coupler 10 can be used in more
situations.

20 The present invention has numerous advantages over magnetic couplers
of the prior art. For example, because the first magnet rotor 24 is attached to the hub 50
and the hub is attached to the output shaft 21, the magnet rotor is more stable than in
prior versions where a bearing was situated between the magnet rotor and the output
shaft. The close relationship between the magnet rotor 24, the hub 50, and the output

25 shaft 21 results in improved concentricity and reduced angular deflection of the magnet
rotor out of its operating alignment. Also, because the hub 50 rotates with the output
shaft 21, the relative rotation between the parts is transferred to one of the bearings
64/66. It is thus less likely that adjacent parts will make contact during operation,
contact which would result in either seizing or extreme wear.

30 Still further, the pivoting linkages between the first and second magnet

rotors 24/25 do not themselves exert any torsional forces on the magnet rotors. Also,
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21c against which the inner race of the first bearing 64 is seated. The
coupler 86 has a conplenentary adapter hub conponent 86b with a neck 86¢
si zed to wewmeiv®os he actual input shaft 21 of the | oad. ARCRaBgres4ype
squeeze unit 87 is sleeved on the coupler neck 10 86¢c to force fit the
coupler 86 to the shaft 21 responsive to tightening of screws 89. The hub
conponents 86a and 86b of the coupler 86 are secured together by bolts 88.
A squeeze unit simlar to unit 87 can also be used to secure hub 36 to the
shaft 20. fivetindmkngdseas eppoasipentiding blodkspex@tieney lekrewsdraint aseless bkelg1l and
coupl er 86 kes it possible to easily install or _renove the gnet. c
coupl i ng ﬂ?rTE? ippeded; gr E}(@L‘%dntm iﬂﬁﬁ}%ﬁrtalxﬁln ¥ 58th OfdbesHgrepsnas) CldCit s
rel ated i nput.: . ' I; T cture
mgé’%t#ﬂg%tfrmog nPetiddf ﬂ{yﬂ'l%‘le{rﬁ}t%‘g 2873 Wﬂl%efkﬁ@l{%%%g)sel QepliEd

also allo e magnetic coupler to used w r nmotors having
varyi ng shaft sizes. Figyre 8pllasitatg 4 Invapaeti8couplen 150 mectrdinggo 40 albgeater an
oversi zed fl an the sanme magnetic coupler 10 can be used_.in nore

si t uat i dnsem 1%’%‘[ ofr the present At nImihe ilkisgicd pabodimentyEest shadl 120 net i ¢
| f i | : . 24
o Bt tachet b e BV B L K AR 196 of SRRy udr il bR

t he magnet p4ipbPEoriduictiPkctostiablage fikédtd tatdr AGecondrshbf g1l wheheecndaaaftng was
situated between the magnet rotor and the output shaft. The close
r el at i onshgxensiemdah areheonfigyredt tortotase apir ehmapnal oWErs AAY campng @ Gtof25

shaft 21 results in inprgved.concentricit nd_r.ed d angul ar defl ection
of the mgﬂ%tfnan%ttrg?,gng tlg'gquhtrSSpoeﬁg é[tl? %Odpégf Oﬁﬁ%grr?tl.ggm so, because the hub
50 rotapes with the awtpudxiretRRafiftal’dnd dthBe k&lortisHER bRlecAdib® N2 et yhenAcd he

parts is transferred to one of the bearings 64/66. It is thus lI'ess likely

t hat adj ackearingat30srofithlly reakples dret secondi ghath gxtopsemts dire, first discal?®d elhibeh

b voti ng. | PAICHGEE B TasaRCEIAs et S egBEEmA adndre ParbPbrea o nor

t hemsel ves;ephlct@ hessdorAdhatf S4ERSoP T b 2 TREARE Lol &Y 8 scréW392. T8eVO

02/ 075906 PCT/ US02/ 08401 pivotinglinkages,” as opposed to sliding bl ocks,

exper i encesplesisalaring bl sroenfigged td dédwthetfostoshaftipe de thtate abdbwdhexbtary t hei r

travel 'ISFOQXiE%:it ggspéct[]set%ethg eSgCSO(I)l Ssha‘rtt qsl ra?lld%cia \s/§:ond shaft extension 123, and to
pivot into and out of alignment therewith. The spherical bearing 190, however,
prevents lateral movement. As a result, suspension of the first and second shafts 120,
121 results in suspension of the second shaft extension 123. Thus, the weight of the
conductor rotor assembly and the magnet rotor assembly are distributed through the

20 structural supports of both the motor and the load.

The second shaft 121 is connected through a flange 186 to a flex disc
coupling 184. The flex disc coupling 184 allows the second shaft 121 to flex with
respect to the second shaft extension 123. This flexing allows the first shaft 120 and the
second shaft 121 to move into and out of alignment without creating excessive lateral

25 forces on either shaft. In the illustrated embodiment, the spherical bearing 190 and the
flex disc coupling 134 are configured to allow a 1° pivot between the two shafts, and/or
to allow the first shaft 120 and the second shaft 121 to be offset by 0.1 inch. The
inventors appreciate that these amounts can be increased or decreased as a particular
situation demands, without diverging from the essence of the invention. Because the

30 spherical bearing 190 allows for such rotation, such movements do not adversely affect

the performance of the spherical bearing.



posi tions of notion between the magnet rotors 24/25 will be nore precisely
controlled. Figure 8 illustrates a magnetic coupler 110 according to an

al t er nat ewO320m906li nent of the present invention. In the iPCirasso2/essed

enbodi ment, a first shaft 120 is connected by a collar 136 to a first disc
126 of a conductor rotor assenbly on which a pair of conductor rotors 143
are fixed to rotate. A second shaft 121 and a second shaft extension 123
are configured to rotate a pair of magnet rotors 142 carrying a set of

per manent magnets 14Thewembodiespect Figurethieascomaulodrarf adpandages D48 magnefic t he

t di st al f th d shaf t i 123, her i | i
750 ot at aBPIE ApiHEPricRéris g R SaY theGRUBITE | O chighichs the Fatleset B9 of °
the Condugﬁo%f éi&%g élbaffé.s“?ﬂé) wé;%re%f 8ﬁ@sﬁaw£1d £he r&t f«‘a%b@ty shaf disthi2d iEhe

spherical Dbearing i s connected to the second shaft “extension 123 by a

fastener, guebumsriad bg tevoth&Xhafthehicls plagredirt chitedlifrequd® vilgatbanf i gured to
allowthe first shaft 120 to rotate about the ,rotg@,w axis with respects
to the Second shaft Iprthegnthet sphedeal hsaringnaPQ vallypawiam a1lxed gl acing; vot

into and o | i th | . ' Qgﬁ% . Q@;@er,
prevents |§%%’Vr%‘té fhr‘?nvérnan S.ecg\lga gﬂgrﬂtéza 1%5?2%5%3%1%‘:\2%1 0 Lﬂégafllggagjtg ban }éecond
shafts 120the rhddnet @6tdts Snd FheStdaast esto8f mbRecatliables haidh oxy eddicorrl23.
Thus, the weight of the conductor rotor assenbly and the magnet rotor

assenbl y apeevetitoveibsating geprestughon ereclashimediettieanthe roteisppiorthey perfoppaneet he
nmotor and the |oad. The second shaft 121 is connected through a flange 186
to a flex &re¢e coupling 184. The flex disc coupling 184 allows the second

shaft 1l to flex w Bhl fABRE GaidtSininBeaxss GRisHmShHEbétwext aRsTifn add3ecohli S
flexing allows the first shaft 120 and the second shaft 121 to nove into

and out of skdfisgmyerducsieghipment vibsationgrebteressi ve | ateral 25 forces on either
shaft. In the illustrated,enbodi nent., the,spherical .beari 190 and_.t he
flex disc coupling 15&’%r@ec MPF YL db ‘?”5)1 BF| ?)Wrﬁm%ed p‘i%\?{bt aﬂ@?&%e‘we‘flﬁg t wo
shafts, angr’n@f)dinfeﬁtsad_lﬂ ﬁﬁWiﬁ‘;&%ﬁBﬁ hite Bl fdesckfedarebit 16 HE@HORY of iddstradad to be

of fset by 0.1 inch. e inventors appreciate that these ampunts can be
i ncreased oaridsonedifeations naayplar miadeivathoutsieviating drona éreaspiit, andi schpriof the

di verging from.t he essence of .the . invention. K Because the 30 ri cal
benr | gl OB RORIBEEHF JTATHOH SSRGS IBe ASRCnReR, BHEET y

affect the performance of the spherical bearing.
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9 WD 02/ 075906 PCT/ US02/ 08401 The enbodi nent of Figure 8 has a nunber of
advant ages over nagnetic couplers of the prior art. For exanple, the
coupl er MO oelo7avdéat es the cantil ever at the end of eithecTdisat/os40iThe

wei ght of one shaft and the rotor assenbly at its distal end is thus
supported by the other shaft, which may reduce critical frequency
vibration. 5 Further, the spherical bearing 190 will nmaintain a fixed axi al
spacing between the first and second shaft. This fixed spacing will nake
the air gaps between the nmagnet rot d¢IsABMS t he conductor rotors nore
control |l abl e, which may reduce or prevent overheating, gap reduction or

cl ashing between the rotors, or other performance errors. 10 Still

further, maintainingjaxi als,alga WesibltN®nldlsile: and second shafts
may reduce equi pnent vibrgﬁio% pr o g%%%’Fr@%1the}¥gré%oing it will be

appreci ated that, al fimaghsspadrdtary shefiyodi nents of the invention have been

descri bed herein for purposes of ilJustration, various nodifications may
be made without devi &ty closeln tepaivinigi thet “'éha‘)t@é’og?fbghqrﬁéa fhs lc’ﬂ?/é’ﬁ‘tnigon.

7600 01 o958 Easb VBT e & o ik e S o ol s eARRGRAGRNE) 0
conpri si ngfixefl withtrespack 16 eieofdt rokirakitafstoabtass tharelith; cl osel y receiving the

first rotary shaft therein, the_hub being axi aIL\t%/1 novabl e al ong at | east a
portion of the fir st arpagnelrodorafixedlygonmed toenetitbe dybiang thy pscapd ygtamy

fixedy codprets thibeRaRiy g Hhinet Ryb O A RERRI S ekl

therewi th, shiredaBaiehe sRldTihdiav 4@l the BRGACItEyERAfRy i al circunferential ly
spaced about the one of the hub and the second rotary shaft; a conductor

rotor fixedly coupl ed condudier retdadixedly qoplen o therntherrad the duband the second

rotary shaft to rotate therewith, the conductor rotor having a non-ferrous
electroconductive material circumferentially spaced about the other of the hub and the
second rotary shaft; and

a push-pull mechanism rotatably coupled to the hub to move axially
therewith with respect to the first rotary shaft, the push-pull mechanism being
configured not to rotate with the hub, the push-pull mechanism being operative to move
the hub and the respective rotor coupled thereto axially along the first rotary shaft to

adjust a spacing distance between the magnet rotor and the conductor rotor.

2. The adjustable magnetic coupler of claim 1 wherein the first

rotary shaft is substantially aligned with the second rotary shatft.

3. The adjustable magnetic coupler of claim 1 wherein the magnet

rotor is fixedly coupled directly to the hub.

4. The adjustable magnetic coupler of claim 1 wherein the magnet

material is a permanent magnet material.

5. The adjustable magnetic coupler of claim 1 wherein the magnet

material comprises a plurality of permanent magnets.
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rotary shaft to rotate therewth, the conductor rotor having a non-ferrous
el ectroconductive material circunferentially spaced about the other of the
hub and twe o2seecnd rotary shaft; and a push-pul |l nechani eTrusvzosabl y
coupled to the hub to nove axially therewith with respect to the first
rotary shaft, the push-pull nmechani sm being configured not to rotate with
the hub, the push-pull nechani sm being operative to nove the hub and the
respective rotor coupled thereto axially along the first rotary shaft to
adj ust a spaci ng di sbance Thetadpgabichmapigicetouplr f ¢laich ttheheemdukt ain-r ot or .
2. The adjustabl e magnetic coupler of claim1l wherein the first rotary
shaft is stassussieckpeapdastivgrieatenilininthe fgmcficonbaguy ringaft . 3. The
adj ust abl e magnetic coupler of claim1 wherein the nagnet rotor is fixedly
coupled directly to the hub. 4. The adjustable nagnetic coupler of claiml

wherein the magnet rrat er Tk adjsstablp idpaseNéouha BE tlalill &itieadin tie pukhgull
adj ust abl e rragneti C couEI er of claim1 wherein the magnet nateri al

conpri ses meshyyism i gpupled e thedwbby arhegrieg.s. 11 WO 02/ 075906 PCT/ US02/ 08401
6. The adj ustable magnetic coupler of claiml wherein the non ferrous
el ectroconductive material is in the formof a continuous ring. 7. The

adj ust abl e magneti c goupl @ ffustib MudneB8b&h18r dorRiHEh- pul | mechanismis
coupled to the hub by a bearing. 8. An adjustabl e magnetic coupl er
conprising: first andirgeodsdcondtratayy shedistteingesubgtastidbt aligniedlalongad ragaryd
along a rotary axis; a hub closely receiving the first rotary shaft
therein, tA&Shub being axially novable along at |east a portion of the

first rotary shaft, gngbeioBdy @tating Ak frst fr(‘)téls'gsl’({gflf %e?ﬁﬁ,??ﬂ%ﬁﬁr)g%% first

rotary shaft to rotate therewith abott the rota
fixedly couapialg mavableeldnghattlenst etpattnvaftthe fine rbtaty sitaftuitnd being rotationally
fixed with respect to the first rotary shaft to rotate therewith about the rotary axis;

a first rotor fixedly coupled to the hub to rotate with the hub about the
rotary axis and to move axially with the hub along the first rotary shaft;

a second rotor fixedly coupled to the second rotary shaft to rotate
therewith about the rotary axis;

a plurality of magnets coupled to one of the first and second rotors, the
magnets being circumferentially spaced about the rotary axis;

a ring of non-ferrous electroconductive material coupled to the other of
the first and second rotors, the ring being positioned circumferentially about the rotary
axis; and

a push-pull mechanism rotatably coupled to the hub to move qxially
therewith with respect to the first rotary shaft, the push-pull mechanism being
configured not to rotate with the hub about the rotary axis, the push-pull mechanism

being operative to move the hub and the first rotor axially along the first rotary shaft to

adjust a spacing distance between the magnets and the ring.

9. The adjustable magnetic coupler of claim 8 wherein the magnet

rotor is fixedly coupled directly to the hub.
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rotary axis and to nove axially with the hub along the first rotary shaft;
a second rotor fixedly coupled to the second rotary shaft to rotate

t her ewi t hwaentsdvhe rotary axis; a plurality of nagnets ceaplisd2/oszopne of
the first and second rotors, the nagnets being circunferentially spaced
about the rotary axis; a ring of non-ferrous el ectroconductive materi al
coupled to the other of the first and second rotors, the ring being
positioned circunferentially about the rotary axis; and a push-pull
mechani sm rot at abl y t@upl €he tdjusthide mdgntiic tmyderaodi ddiy8 wileesie the mmagndt h
respect to the first rotary shaft, the push-pull nechani sm being

conf i gur ed@atstiak is anermareninagnet MB9I#h about the rotary axis, the push-pul |
mechani sm being operative to nove the hub and the first rotor axially
along the first rotary shaft to adjust a spacing distance between the
magnets and the ringj1.9. Theadjditst aldgRetidgogilécofcdaipl 8 wieteis igd magnasher ei n
the magnet rotor is fixedly coupled directly to the hub. 12 WO 02/075906
PCT/ US02/ Owatztial aguprises a pljraliy abpeamengiaragnctsoupl er of claim 8 wherein the
magnet material is a permanent magnet material. 11. The adjustable
magneti c coupler of claim@8 wherein the magnet nmaterial conprises a

plurality of pernanent maghehdustdole mbBRetRiouplenbf Slafi@Ritetdin €RUREIRPubf
claim 8 wherein the push-pull = mechanismis coupled to the hub by a

bearing. 1Gechumismisumunlstéo thedmbby e beatmg-er conprising: first and second
rotary shafts being substantially aligned along a rotary axis; a hub
closely receiving the first rotary shaft therein, the hub being axially

novabl e along at |easgt a Rﬂraﬁjtﬁﬁbléfméézﬁtié bo®iler @binghaf t, and being

rotationally fixed with respect to the first rotary shaft to rotate

therewi th about the fiodtany seoond rotary shafts being substantially aligned along a rotary
axis;

a hub closely receiving the first rotary shaft therein, the hub being
axially movable along at least a portion of the first rotary shaft, and being rotationally
fixed with respect to the first rotary shaft to rotate therewith about the rotary axis;

a first adjustable rotor fixedly coupled to the hub to rotate therewith
about the rotary axis and to move axially therewith along the first rotary shaft;

a fixed rotor assembly having a first face and an opposing second faée,
the fixed rotor being fixedly coupled with respect to the second rotary shaft to rotate
therewith about the rotary axis, the first face of the fixed rotor being spaced from the
first adjustable rotor by a first adjustable gap;

a second adjustable rotor spaced from the second face of the fixed rotor
assembly by a second adjustable gap, the second adjustable rotor being linked to the
first adjustable rotor to rotate with the first adjustable rotor about the rotary axis, and to
move axially with the first adjustable rotor;

a plurality of magnets coupled to one of the fixed rotor assembly and the
adjustable rotors, the magnets being circumferentially spaced about the rotary axis;

a ring of non-ferrous electroconductive material coupled to the other of
the fixed rotor assembly and the adjustable rotors, the ring being positioned

circumferentially about the rotary axis; and

13



a first adjustable rotor fixedly coupled to the hub to rotate therewith
about the rotary axis and to nove axially therewith along the first rotary
shaft; a wDxed7190¢ or assenbly having a first face and an @®@ppasongs4second
face, the fixed rotor being fixedly coupled with respect to the second
rotary shaft to rotate therewith about the rotary axis, the first face of
the fixed rotor being spaced fromthe first adjustable rotor by a first
adj ust abl e gap; a second adjustable rotor spaced fromthe second face of
the fixed rotor asszmpoklypbly mechadsndotathhly tcatypled gaphe thiob teenoved asid]lyist abl e

rotor being linked to the first adjustable rotor tqQ rotate wi.th fhe first
adj ust abl e%F’é?E"‘é’ih A6burespred Foithe Jﬁéth‘g?rYaﬁ}&aﬁ»otheka}é"%lﬁ\t AgchanippnbeiRg £ r st

adj ust abl e éx%?ﬁ{eed Ig()é Rb ‘f%fgtﬁ %v}‘ch‘%fle HR9 B tﬁ@?&hﬁ?mﬁ? tHQ%u&I—}élggﬁlgulﬁﬁ?gn rotor

assenbly an jus e rotors, the magne ging cir rentially

spaced abobding bpertiNeatoymavd the hawbrand heofirshamt feebhid adjusthile trotofsoaxdil B Witk
material coupled to the other of the fixed rotor assenbly and the

adj ust abl erespschiosthe fixw retaryshalite ghanee fheifpleand sepond adiustablat 23951 y about t he
rotary axis; and 13 WD 02/ 075906 PCT/ US02/ 08401 a push-pull nechani sm
rotatably coupled to the hub to nove axially therewith with respect to the

first rotary shaft, t{he pubhapklableBsiaRtisobplen@f clomf i Dwhegindie fiestr ot ate
with the hub about the rotary axis, the push-pull nechanism being

operati ve tdustahleraters fixbdareguplaé dirgqtlytto ghechubecond adj ustabl e rotors
axially with respect to the first rotary shaft to change the first and
second adj ustabl e gaps. 14. The adjustable nagnetic coupler of claim13

wherein the first ag§ustahl adfuebBie thambiiX @hple OFBlaBA 19i WRGEhWhe Fixehe hub.
15. The adjustabl e magnetic coupler of claim13 wherein the fixed rotor

assenbl y corgradssasbly chnpsisesfd first fixed mtoreand aasesend fided fotespredmpagfoared
apart fro the first fixed rotar, the_ second fixed, rot.gr bei i xedly
coupl ed vi 1% Tedpse zos B ephy Sed ol SaHEGPGA 9 onisv Vsl ERPEN Lt Beng
rotary shafkefRRM tolievd ViR fiNe @Xbrki rodiy SHBASIR thdRotarl 12kl adPFRerbih thecat ed
on the first fixed rotor and the second face is | ocatéd on the second

first face is located on the first fixed rotor and the second face is located on the second

fixed rotor.

16. The adjustable magnetic coupler of claim 13 wherein the fixed
rotor assembly comprises a first fixed rotor and a second fixed rotor spaced apart from
the first fixed rotor, the second fixed rotor being fixedly coupled with respect to the first
fixed rotor to move with the second rotary shaft about the rotary axis, and wherein the
first face is located on the first fixed rotor facing the second fixed rotor, and the second

face is located on the second fixed rotor facing the first fixed rotor.

17.  The adjustable magnetic coupler of claim 13, further comprising
a transfer plate linked to the first and second adjustable rotors, the transfer plate being
axially and rotationally fixed with respect to the first rotary shaft and linked to the first
and second adjustable rotors to transfer axial movement of the first adjustable rotor to

corresponding axial movement of the second adjustable rotor.

18.  The adjustable magnetic coupler of claim 13, further comprising

a transfer plate axially and rotationally fixed with respect to the first rotary shaft, the

14



fixed rotor. 16. The adjustable nmagnetic coupler of claim 13 wherein the
fixed rotor assenbly conprises a first fixed rotor and a second fi xed
rotor spawed2apmnée from the first fixed rotor, the secon@cCfrivseziossot or
being fixedly coupled with respect to the first fixed rotor to nove with
the second rotary shaft about the rotary axis, and wherein the first face
is located on the first fixed rotor facing the second fixed rotor, and the
second face is |located on the second fixed rotor facing the first fixed
rotor. 17. trihsergdite deimplpesitibgaebdtoeanthplfiest anfl sedoaid rdjiBtableuotdneandclorkedi si ng

a transfer plate linked to the first and secon{;i adj,ustabl e rotors, the
transfer pfathe dastngnd ssqond| 3dasieble Jeirs 4o dranpierj 3 WOFFFHP@S?J@@F {i55tt he

first rot aﬁéﬁu?{%’lgtfotgp% %@ﬁﬂgh’?n{ﬁ% %Fr"ﬁlif} %{g{}gabqgg&gg adj ustable rotors to

transfer axi‘al novenent I'r'St ad] e rotor to corresponding

axi al nmovenent of the second adjustable rotor. 18. The adjustable magnetic
coupler of claim13, further conprising _.a transfer plate axially and
rotational ly fixed wil®h rdspedivstablempgneticequplesphekpim fas furtherremptisingp

02/ 075906 PCT/ US02/ 08401 .. transfer. pl i Si tii first
and second adj ust abl 3W?f8rrgla{é%rpég1uloﬁ?£%§w? %n @%éﬂ %iarnstsgcgﬁlg a?@%{gﬁ%r}gﬁﬂ?sgst abl e
rotors to {Hersiser ﬁétbadeiﬂg)uﬁawltan@frothﬁ@amgrﬁied withusémbl & fhetft fodargxi al
novenent in the second adjustable rotor. 19. The adjustabl e magnetic

coupl er of shdfaiend 13, further conprising: a transfer plate positioned

between the first and second .adj ust.able rotaor t he transfer . plate.being
axially and rotati on&lﬂ? ?ﬁ‘iyfécé’l‘%/ﬂ'%%slﬂlnllb%%eﬁé:(?fl&[eib? eeefliﬂi’es?al}sg?i’@ea% %t and
a pluralit ¥:9hn@s&dhakdiusRbRISHIS MuPipstabaiABe biMEciifRaddad uRhdteadnd the

first and second adjustabl e rotors, the pivotal |inkages being configured
to transfemaxrinaht ime\estdiredtionebyf thesfirstl ndjustablerrobyr tohaxidli mevenzait i taabl e

rotor to axial . novenent. in a opposi ng.second direction by the second
adj ust abl e °PBISHIE Se?@‘?dq‘sl*FFéﬁaﬂ}gﬁ&ea%f’%ndr?gé‘ﬁ&%ﬁ)%mé%upI er of claim13, further
conprising: a transfer plate positioned between the first and second

adj ust abl e rotors,
20. The adjustable magnetic coupler of claim 13, further comprising:

a transfer plate positioned between the first and second adjustable rotors,
the transfer plate being axially and rotationally fixed with respect to the first rotary
shaft; and

a plurality of pivotal linkages coupled between the transfer plate and the
first and second adjustable rotors, the pivotal linkages being configured to transfer axial
movement in a first direction by the first adjustable rotor to an equivalent axial

movement in an opposing second direction by the second adjustable rotor.

21. The adjustable magnetic coupler of claim 13, further comprising:

a transfer plate positioned between the first and second adjustable rotors,
the transfer plate being axially and rotationally fixed with respect to the first rotary
shaft; and ‘

a plurality of linkages each having a central portion and opposing first
and second end portions, the central portion of each linkage being pivotally coupled to
the transfer plate, the first end of each linkage being pivotally coupled to the first
adjustable rotor and the second end of each linkage being pivotally coupled to the

second adjustable rotor such that axial movement in a first direction by the first
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the transfer plate being axially and rotationally fixed with respect to the
first rotary shaft; and a plurality of pivotal |inkages coupl ed between

t he transwern2pfsave and the first and second adjustabl e r@ceorasp2/od3er pi vot al
| i nkages being configured to transfer axial novenent in a first direction
by the first adjustable rotor to an equivalent axial novenent in an
opposi ng second direction by the second adjustable rotor. 21. The
adj ust abl e magnetic coupler of claim13, further conprising: a transfer

pl at e posi adjestabde somesasest totationrafttheacritrglepartidn af jthestinkisiges, resubing, in aklad

transfer plate being axially and rotationally fixed with respect to the
first rot amvergcﬁgm, %?H?Sﬁl%le?ﬂrg]i ‘{"Eeﬁtl‘lﬁbx ﬁ%ﬁﬁg“goélé a@&@%iﬁ\?i"ﬁg a central
portion and opposing first and second end portions, the central portion of
each linkage being pivotally coupled to the transfer plate, the first end
of each |inkage bei n2R.pi vAhaljugtableuydgretid coupher cbmpsisingadj ust abl e rot or and

the second end of each |ipkage being pivotally coupled to the second
adj ust abl e rotor suchtst ﬂ%‘? S%@PQIrOtﬁﬁ’vgﬁ@ﬁgeinﬁ S&b¥tl"1‘i‘%3cllycﬂ1’rg€€‘§ PORS ByOlRE i r st

15 WD 02/ 043206 PCT/ US02/08401 adjustable rotor causes rotation of the
central porti'on of the linkages, resulting in axial novenent in an

opposi ng second di r egthubnclbyely hecehdagnie ddjtusitalp| shaftotherein, 2the Wb Bedhgst abl e
magneti ¢ coupler caonprising: first and second rotary shafts being

subst ant i apfighampyaidel along 7§ least dpaitipn of hestirsh rofany pBsand bsing eqtationglly he

first rota ejn, ' ' . at least a
portion of h%é%dz@@ %essij&(r?g g@fl rétﬁgPPfﬁlgﬁgb E(g?tﬁ g%érr%lat% iagﬁ}éﬁ?éyl%taﬂ %gg wth
respect to the firsta figdtadyusebas fotdr(Ii){eﬂIyaécﬁllpléaeWRWréd@e@th@ he hitetd RtaE Y

axis; a first adjustable rotor fixedly COUB ed with respect to the hub to

rotate ththempithtabapiahe rathe axét andyio mave axialy therewitle alang el fystmaarediafty al ong
the first rotary shaf

(1 LS 0T, el e P b T R o TR S P
first fixeg fogidheRMithhbdREARFotalPiRis, M fidst Siked rotor being spaced from the first
adjustable rotor by a first adjustable gap;

a second fixed rotor fixedly coupled with respect to the first fixed rotor
and the second rotary shaft to rotate therewith about the rotary axis;

| a second adjustable rotor spaced from the second fixed rotor by a second
adjustable gap, the second adjustable rotor being linked to the first adjustable rotor to
rotate with the first adjustable rotor about the rotary axis, and to move axially with the
first adjustable rotor;

a plurality of permanent magnets coupled to one of the fixed rotors and
the adjustable rotors, the magnets being circumferentially spaced about the rotary axis;

a ring of non-ferrous electroconductive material coupled to the other of
the fixed rotors and the adjustable rotors, the ring being positioned circumferentially
about the rotary axis; and

a push-pull mechanism rotatably coupled to the hub to move axially
therewith with respect to the first rotary shaft, the push-pull mechanism being
configured not to rotate with the hub about the rotary axis, the push-pull mechanism
being operative to move the hub and the first and second adjustable rotors axially with

respect to the first rotary shaft to change the first and second adjustable gaps.
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adjustable rotor by a first adjustable gap; a second fixed rotor fixedly
coupled with respect to the first fixed rotor and the second rotary shaft
t o rotat ewOhenzaé h about the rotary axis; a second adj ustrablusor/eg4or spaced
fromthe second fixed rotor by a second adjustable gap, the second

adj ustabl e rotor being linked to the first adjustable rotor to rotate with
the first adjustable rotor about the rotary axis, and to nove axially with
the first adjustable rotor; a plurality of permanent nagnets coupled to
one of the fixed rot@Bs aftle adjnstabldmephetid @upkt of slairh B2 wheegietls fstiang

circunferentially spaced about the rotary axis; a ying non- f errous

el ect r oconderopsi ¢ u?ﬁa&@rriﬁars e upitened e%%ﬂé@fiﬁst %ﬁdr Se@wgf) %?‘@{jerﬂtorr%tors and
the adjustable rotors, the ring being positioned circunferentially about
the rotary axis; and a push-pull nmechanismrotatably coupled to the hub to
move axially therewkth whb adest@bitmigetid eoliplérsdf olaiay; fahthdrtconiphising
push-pul I nmechani sm bei n confiégured not to rotate wth the hub about the

rotary axi & tranpfer plasnlipiento e feshiratrieoped Agusiplleapioe thotrawe Rlse bAYE and
the first ??ﬂpggﬁﬁgoﬁ%tgq‘{aﬁgtfﬁgé %vi{hortegpregt Sthakk g%aﬁeaiaqfé{i{eélg) %\%%rgtl rst

rotary sha rst and second adj us e gap

02/ 075906 Rhd kédo02/0f0d0ble rdtors I 1@ar usiad oy eiRENGLE The Eeddlj@tabdd rotdrabm 22
wherein the first and second adjustable rotors are positioned between the

first and segespanding ewial wpyement pf theppeonddidinstaklsitetatagneti ¢ coupl er of claim
22, further conprising a transfer plate linked to the first and second
adj ustable rotors, the transfer plate being axially and rotationally fixed

Wi th respect to the Hkrst Thetafu¥tabRahigndfié chipléest difint P fhith&tconpridingecond
adj ustable rotors to transfer axial novement of the first adjustable rotor

to correspdruisiey piaté akiallp wedreetatiafally Heed exitntbspetit Ue tlabfisst refagr shaf5theThe
i ate axi alFgaaE SERETsRLioRsd Predeth (it ibd Feamdanishily et and ey
S ) to U &P dP&d;08taP@ Stotdr T al' MovembRt! o

haft, thetpangfenn 's@ék 3@ D&taBe SiotdrONE drRFareSRal BRVEIERL oRREL $RGONd

adj ustabl e rotors and |inke
adjustable rotor to axial movement in the second adjustable rotor.

26.  The adjustable magnetic coupler of claim 22, further comprising:

a transfer plate positioned between the first and second adjustable rotors,
the transfer plate being axially and rotationally fixed with respect to the first rotary
shaft; and

a plurality of pivotal linkages coupled between the transfer plate and the
first and second adjustable rotors, the pivotal linkages being configured to transfer axial
movement in a first direction by the first adjustable rotor to axial movement in an

opposing second direction by the second adjustable rotor.

27.  The adjustable magnetic coupler of claim 22, further comprising:

a transfer plate positioned between the first and second adjustable rotors,
the transfer plate being axially and rotationally fixed with respect to the first rotary
shaft; and

a plurality of pivotal linkages coupled between the transfer plate and the

first and second adjustable rotors, the pivotal linkages being configured to transfer axial
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to the first and second adjustable rotors to transfer axial novenent of the
first adjustable rotor to axial novenent in the second adjustable rotor.
26. The awspugvaishe magnetic coupler of claim 22, further eoFprsIzdgagr a
transfer plate positioned between the first and second adjustable rotors,
the transfer plate being axially and rotationally fixed with respect to the
first rotary shaft; and a plurality of pivotal |inkages coupl ed between
the transfer plate and the first and second adjustable rotors, the pivotal
| i nkages beiovgmemntnini gufistl directiombyf the faxi afljustableermsont to ranaeduivadent dixiadct i on

by the first adjustable rotor to, axial enent in.an. opposing second

i rection BPVERENIEEDABPOSIHE Ases Srocipn Py thepecandadingiable tite. magnet i c
coupler of claim?22, further conprising: a transfer plate positioned
between the first and second adjustable rotors, the transfer plate being

axially and rotationa8ly Thxedjusmblh magsgaioupler bhielain 23 furthéraroynprisingf t ; and
a plurality of pivotal |inkages coupled between the transfer élbate and t he

I d
first and second adj aé%#ﬁ%plﬁ@tmﬁiéi,og%@tw%@a|ﬁr=r>tiaﬁféés%gld@éjqﬁ kgatoryur ed
f ! ' / ! ! !
to trans e%lileatzf%rgkefrip}a&e %Qg}%é%@?%d E’%{m R/ B it éé)gg%t thie Firt 1fo'te(r§r;[3n o

direction rst a ero 0" an equi va axial “nove in
an opposi nghgeandd direction by the second adjustable rotor. 28. The

adj ustabl e magnetic coupler of claim22, further conprising: a transfer

pl ate positioned bet dddialityeof linkagesappsh davivad erfitigh pamioa angtqwgs»mg ik

st gk SRl B Bk Xy AP BB GRSl

portion angheORRRSrNgatk] et firsh A SECQOE 1RREo BEIE QiSotall &o6FIBY el thd Gdti on of
each linkage being pivotally coupled to the transfer plate, the first end

of each |i nliageblbabivyg qudvibe siepgnd enth bEdadholinkngetbheaing pivaliyseapied foother and

t he second end,of,. e | i.nka i.ng.pivotally .coupled.to th ecan

i ust abl e FOPAABERT: FPF 3 Rt i SrSGebEstiono B RS (1 ¢ o
adjustable rotor causes rotation of the central portion of the linkages, resulting in axial

movement in an opposing second direction by the second adjustable rotor.

29. A magnetic coupler comprising:

first and second rotary shafts at least substantially aligned along a rotary
axis;

a magnet rotor fixedly coupled to one of the first and second rotary
shafts to rotate therewith, the magnet rotor having a magnetic material circumferentially
spaced about the one of the first and second rotary shafts;

a conductor rotor fixedly coupled to the other of the first and second
rotary shafts to rotate therewith, the conductor rotor having a non-ferrous
electroconductive material circumferentially spaced about the other of the first and
second rotary shafts; and

a spherical bearing coupling the first rotary shaft to the second rotary
shaft to allow free relative rotation therebetween about the rotary axis, the spherical
bearing allowing at least one of the first and second rotary shafts to operate out of
alignment with the rotary axis, but resisting relative lateral movement between the first
and second rotary shafts such that the weight of the magnet rotor and conductor rotor

are distributed along both the first and second rotary shafts.
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adj ust abl e rotor causes rotation of the central portion of the |inkages,
resulting in axial novenent in an opposing second direction by the second
adj ust ablworenne 29. A magnetic coupl er conprising: firstecanozesaond
rotary shafts at |east substantially aligned along a rotary axis; a nagnet
rotor fixedly coupled to one of the first and second rotary shafts to
rotate therewith, the magnet rotor having a magnetic materi al
circunferentially spaced about the one of the first and second rotary
shafts; a conductor 3®t or Thé xeghsticcauplee df cirim®, futher comprikimgfa fiexibland

second rotary shafts to rotate thefewith, the ctor. rotor.hayi.ng a
non- f er r ouSOUPLNE PPsitieRsRIeES & enrg,é}}g ﬁ’ﬁlt{rﬁti WW@%&#? ?Fﬂl?iesifﬁ@gﬂg f)‘Bgt t he
ot her of thefd NGyt Rodidle BRAEASH AT BrstRBGE) SRl OGNS
coupling tﬂgldf%biogﬁthr@gtgg@ggﬁh tt egﬁg%{l%geﬁgec%%g r ot ar§/ sha};t to al Inow free
rel ative rcémpenoate titve retibinie theadphoticd] Hearing,ahy flexitde cotgirgphler resiting
bearing allowi ng at |east one of the first and second rotary shafts,a@o

e

oper at e oufXiak moxemep dong therrtary @xisstugh yhat,the shafis remady 4 pirgnstant

| ateral no .pet. first and second rotary shafts such that the
wei ght of ﬁa{e{%%%ﬁg{lmre% o?&gfid conductor rotor are distributed al ong both

the first and second rotary shafts. 18 WD 02/ 075906 PCT/ US02/ 08401 30. The

magneti c coupler of claim?29, further conprisi ng a flexible coupling
posi tioned al ong a | &hgt hThe mageeticiqoypler ot elain 3 stherein the magnet prSrialgspl i ng

being rigid abo he ry, axis, but allowng the Iength of the first
rotary sha??e%ang}étnréagng{%tggerrrl)é%nsate for rotation of the spherical bearing,

the flexible coupling also resisting axial novenent along the rotary axis
such that the shafts remain in a constant axial relationship with each
other. 31. The magnedi.c cdbpmeagnetic eduplen dolsime??ivhetdie thenmasect raateialal i s
a pernmanent nagnet liratleri ?.I. 32. t‘I'he rr%gneti c coupler of claim?29 wherein
the magnet compuises gplura 1ty ol permanent magnets:

33.  The magnetic coupler of claim 29 wherein the non-ferrous

electroconductive material is in the form of a continuous ring.

34.  An adjustable magnetic coupler comprising:

first and second rotary shafts being substantially aligned along a rotary
axis;

a first rotor fixedly coupled to the first rotary shaft to rotate therewith
about the rotary axis;

a second rotor fixedly coupled to the second rotary shaft to rotate
therewith about the rotary axis;

a plurality of magnets coupled to one of the first and second rotors, the
magnets being circumferentially spaced about the rotary axis;

a ring of non-ferrous electroconductive material coupled to the other of
the first and second rotors, the ring being positioned circumferentially about the rotary
axis; and

a spherical bearing coupling the first rotary shaft to the second rotary
shaft to allow free relative rotation therebetween about the rotary axis, the spherical

bearing allowing at least one of the first and second rotary shafts to operate out of
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conprises a plurality of permanent magnets. 33. The nmagnetic coupl er of
claim 29 wherein the non-ferrous electroconductive material is in the form
of a contwpwewss9né ng. 34. An adj ustable magnetic coupl er ecmarsozosagt first
and second rotary shafts being substantially aligned along a rotary axis;
a first rotor fixedly coupled to the first rotary shaft to rotate therewith
about the rotary axis; a second rotor fixedly coupled to the second rotary
shaft to rotate therewith about the rotary axis; a plurality of magnets
coupl ed t oaligrenait withehé rotaty axi) asé coredist Riativs latélaé movegest etbeinnge first
circunferentjally spaced about the rotary axis; a ring of non-ferrous

el ect r ocondiftsscold yokary shafls. coupled to the other of the first and second
rotors, the ring being positioned circunferentially about the rotary axis;
and a spherical bearing coupling the first rotary shaft to the second

rotary shaft to all®gsv frEke héjustabléand@bid tauplérigredhiat 3 auriidd@dmptibiggr ot ary
axis, the spherical bearing allowi ng at |east one of the first and second

rotary shaftilexille nouplinge pottonsd alpogg \a0lengihogh dus fiptTotsy shakathe flediblgnnent

with the r Ly axis, .and.to resist relative,lateral,noue t be en the
frot  anaculitbedbehl bl ehls Ry SEbilinfhgid 1BHERT B BRI o

cl ai m 34, fhhtt fo@end & dnisenide fo¥ rbladsh bf Be SARIchINEEapagi ti oned along a I ength
of the first rotary shaft, the flexible coupling berng rigid about the

rotary axis, but allowing the length of the first rotary shaft to bend to
conpensate for rotatipon of. the spherical .bearing. 36. .The adj uystable
nmagneti c coupl er of é‘?‘ai rr&lé a&ﬂ%@&eﬁnatgﬁ‘éu%%’ﬁ %fr‘?%t‘@r%‘la‘f"h?rgﬁ‘gﬁ%g}a%%ent
magnet nat gfakédal ishpernhifentflapsdtaRiigridregnet i ¢ coupler of claim 34 wherein
t he magnet

37.  The adjustable magnetic coupler of claim 34 wherein the magnet

material comprises a plurality of permanent magnets.

38.  An adjustable magnetic coupler comprising:

first and second rotary shafts being substantially aligned along a rotary
axis;

at least one first rotor fixedly coupled to the first rotary shaft to rotate
therewith about the rotary axis;

a pair of second rotors coupled to the second rotary shaft to rotate
therewith about the rotary axis, the pair of second rotors being controllably movable
axially with respect to the second rotary shaft to adjust the spacing between the at least
one first rotor and each of the pair of second rotors;

a plurality of magnets coupled to one of the first and second rotors, the
magnets being circumferentially spaced about the rotary axis;

a ring of non-ferrous electroconductive material coupled to the other of
the first and second rotors, the ring being positioned circumferentialiy about the rotary
axis; and

a spherical bearing coupling the first rotary shaft to the second rotary
shaft to allow free relative rotation therebetween about the rotary axis, the spherical

bearing allowing at least one of the first and second rotary shafts to operate out of
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material conprises a plurality of permanent nagnets. 38. An adjustable
magneti c coupler conprising: first and second rotary shafts being

subst ant iwblog/oadopgned al ong a rotary axis; at |east one fPCT4iS0z/08401
fixedly coupled to the first rotary shaft to rotate therewith about the
rotary axis; a pair of second rotors coupled to the second rotary shaft to
rotate therewith about the rotary axis, the pair of second rotors being
controllably novable axially with respect to the second rotary shaft to
adj ust t he aigawenigvitetweetaryt frds, and|te assist rdatevef latest moementbatweacthe dirsit he
pair of second rotors; % lurality of magnets coupled to one of the first
and second 2PE5eH0Rd I9tRy s W&bnets being circunferentially spaced about the
rotary axis; a ring of non-ferrous el ectroconductive nmaterial coupled to
the other of the first and second rotors, the ring being positioned
circunferentially abgat tHheradjuataple mxgretic avapler afdiain 8& | fulthardongprisimgpl i ng
the first roh%% shaft, to the second rotary shaft to allow free relative

rotation tRe ligg, dositioned alongy 3, lepgths of the fiagnwtary athafty ghey flggble

al | owi ng at : i . (o] e out
o 20 v S3PATEEEER K5 ohe B O S RRE L RE AR ISR bE o CaRP BT
resi st rel ahafve beaties adbmpensiaEor robaionee€ thetshBeridal Bdaringnd second rotary
shafts. 39. The adjustabl e nagnetic coupler of claim38, further conprising
a flexible coupling positioned along a length of the first rotary shaft,
the flexible coupling being rigid about the rotary axis, but allow ng the
| ength of the first rotary shaft to bend to conpensate for rotation of the
spherical bearing. 21
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