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TECHNICAL FIELD OF THE INVENTION

The present invention relates to rotational magnetic torque transfer devices
utilizing two coaxial cylinders overlapping one another wherein one cylinder
contains a row(s) of permanent magnets and the other cylinder contains a

ring(s) of electroconductive material.

BACKROUND OF THE INVENTION

It is desirable to devise a permanent magnet excited mechanism for transmitting
variable torque in drive applications. Specifically there is a need to couple
constant speed devices such as motors or engines to variable output speed and

torque devices such as pump impellers, fans, propellers, wheels, etc.



1. Current fixed gap permanent magnet di sk cl utches

are limted in their ability to transmt |arge anounts
wo@boososq3ee and are constructed in a manner whi BOT/TS2A88606179

instability at higher speeds. These limtations

Trérg%xﬁig,%fgg ngce%fi &by vsﬂf&?u'si%fw Qi cIJSQ?% dﬁsvé 6&&n irPuse

oW nor sepower ap catl on. dy current

clutches that. use DC cyrrent .to.ge te. ar

forrSaS HEsncpriHe o can g PEhE wricR et oftne g these
are availahle in a wi de range of horse power but are

eddy suent devieempre Watted t%ﬂueg 8§0erd tPAaSC current and
control to induce the torque. There are applications
where the DC current is not desirable or where the
apparatus for controlling the torque producing

1. courrént fixer gap péwharsdritenaghetdisk elatcheararalihitedan their ability
per manent magnet di sk clutches are limted in their

249 thariomit Rirgé aRilints bRAIOIGUABRYHré cBhsth@ited th aMFaMiér which
constructed in a manner which causes instability at

hj . T [ 10 f.aty :
el 1AREEME; 2t HIGRET crgBs) TS (rtiébTefeBe the practica
| ow hor.se r _application. Th parat us descrj bed
Aestin e e itaskoieiapten. RRERRRebSnar aPbliction.
technol ogy, in conjunction with architecture designed
for nechanically stable operation. This will allow the
aEparat us to be used in a full range of

poddy cumerttlidtches thatpisedaCiannent te geaknate andivary the flux
hor sepower applications. The configuration of the

debensity inlasfixededegsmechanishl. eThesk dbliees areopeikablie mta wide
hi gher input speeds, which are natively present in

SR e BT HorSe POReLhal ARSexpEASIVES 86phesteaRitfY RhUfteiaSDE
device that uses permanent magnets and conductors

SRR B PPAEL BRG] A5 ARGTE BEk o

eﬂeocgdr%@'issngteéé:sfir'a ?edo}J \t/vh!a'rezﬁleaapparatus for controlling the torque

producing currents are unreliable.

3. Current variable gap permanent magnet disk clufches are limited in their
ability to transmit large amounts of torque and are constructed in a manner
which causes instability at higher speeds. These limitations relegate the
practical application of these devices to low speed, low horsepower

application.

The apparatus described utilizes recent developments in magnetic material
technology, in conjunction with architecture designed for mechanically stable

operation. This will allow the apparatus to be used in a full range of power
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el ectro-conductive elenents to vary, which then causes
theAaPRaifYSed counter nmgnetic forces to vary. The
magneti c forces and, thus, torque transmtted wll
vary based on the anpunt of axial overlap. The proposed
i nvention overcones previous limtations by taking
advant age of new technol ogi es in magnet materials and
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THE DRAWNGS The draw ngs constitute a part of this
orsfixedi tbrquat betiveancdwiootatihg elsm@ptr Yn one embodiment, the torque
between the elements may be adjusted by mechanically varying the amount of
magnetic flux passing between the elements. This is accomplished by varying
the extent to which the elements are axially overlapped. In a preferred
embodiment of the apparatus, two concentric cylinders, one containing one or
more rows of permanent magnets, is moved axially in order to progressively
axially overlap a second cylindrical element containing electrically conductive
and magnetically conductive elements. This progressive axial overlapping of the
two cylinders allows variation in the amount of magnetic flux intersecting the two
concentric cylinders. This causes the amount of induced electrical current in the
cylinder containing the electro-conductive elements to vary, which then causes

the induced counter magnetic forces to vary. The magnetic forces and, thus,

torque transmitted will vary based on the amount of axial overlap.
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preferred enbodi nents are provided herein. It is to be
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enbodied in various forns. Therefore, specific details
di scl osed herein are not to be

Description of selected embodiments of the invention included herein
are listed as follows:
Figure 1 is an isometric view of the exterior of a preferred embodiment of the
invention.
Figure 2 is a sectioned isometric view of the preferred embodiment of the
invention.
Figure 3 is section view through the preferred embodiment of the invention.
Figure 4 is an exploded section view showing the various major parts of the
described preferred embodiment of the invention.
Figure 5 is a section view of an alternate form of electrically conductive cylinder
as described in the alternate embodiment of the invention.
Figure 6 is an isometric of an alternate embodiment of the invention.
Figure 7 is a cut away through the isometric of the alternate embodiment of the

invention.
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appar atus described in this preferred enbodi nent
of theeverlonsf a primary rotary member conprising an

i nput shaft rotor (2), a support cylinder (3), and a

magnet - carrying rotor (4), ani cal Iy connect ed
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support cylinder (3), which is constrained to rotate
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i nput shaft (2) are supported by two input shaft

invamtiparin virtually egy qprappriaiely defailed sysiame strugfure ge manner.
support cylinder (3). These two bearings (12) are, L
i nt ur n Refersingrtodigussgs 1 Harongh £ & first esabedineentaf dee inveption is
encl osure (30), which has nmounting feet (31) on its

showshedirsd desqibeid amit apphesto@vatiablg speed drive appdication. The first
attached to a type of machinery a foundation (not
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concentrically within the support cylinder (3) and is
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connected together, and constrained to rotate at the same angular velocity
together. The second part of the variable speed torque transfer apparatus
described in this preferred embodiment consists of a secondary rotary member
comprising an output shaft rotor (1), magnetically permeable ferrous wheels (7)
which support and back the electro-conductive rings (6), all mechanically
connected together, and constrained to rotate at the same angular velocity
together. The input shaft (2) is connected directly to a concentric support cylinder
(3), which is constrained to rotate with the input shaft (2). The support cylinder
(3) and input shaft (2) are supported by two input shaft support bearings (12)

located at each end of the support cylinder (3). These two bearings (12) are in
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magnets in each annular ring and the nunber of annul ar
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(4). The poles of the magnets (5) are geometrically positioned to be radial and
are magnetically arranged so that the polarity varies at each successive magnet,
i.e. north then south, or alternately, in groups, so that the polarity alternates only
after a plurality of magnets of a particular polarity (north or south) are grouped
together. The magnetic poles face radially inward around the periphery of the
cylinder. In the preferred embodiment described, three such arrays of
alternating magnets are included. The invention is not limited by the length of
the magnets, quantity of magnets in each annular ring and the number of
annular magnetic rings. The support cylinder (3) immediately surrounding and

supporting the magnets is made from a magnetically permeable material,
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ferrous wheels (7), connected to, and constrained to
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coated with an electrically insulative material with a high dielectric value. These
laminated pieces are stacked together to form the cylindrical support for the
electro-conductive material rings (6). It is the purpose of the magnetic material
to allow for a complete magnetic path through the electro-conductive layer and
back the magnets. The laminations will reduce large scale undesirable eddy
currents from being induced in the magnetically permeable material. The electro-
conductive rings (8), their support wheels (7), and the output shaft (1) are

supported by two output shaft support bearings (11) located at each end of the
output shaft (1).



cause torque to be transmtted between the magnet ring
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oflglégtFo-cohdactivel Myse{63 iskd; §éﬁ‘ dﬁl@ltﬁ'drﬁ drienlﬁﬁa pfality, and the
i ncreases. As the anount of axial overlapincreases,

mhf]'ﬁlo?fri%%t Ilg'“t fifd ﬁuﬁ'tb%lf‘s)f tWegé?ﬁ\ srége[;{'%gﬁ or utilized.

ctro-con e rings |ncrea

e SO BRSO e o i
supa%ﬁecaiﬁeﬁ a2l e °F18.“a2péu? it ”Sé“a%é%’ ihecings of
m;‘c%eqts (5) to the electro-conductive rings (6) to be adjustable by means of this
variable axial motion. With magnet-carrying rotor (4) positioned so that the
annular rings of magnets (5) are fully staggered or offset between the electro-
conductive material rings (6), so that very small amount of axial overlap exists, a
minor amount of magnetic flux is transmitted between the magnet-carrying rotor
(4) and the electrico-conductive rings (8), and therefore a very small amount of
torque is transmitted between the primary rotary member and the secondary
rotary member. As the magnetic-carrying rotor (4) moves axially within its

support cylinder (3), the amount of axial overlap between the magnetic rings (5)

and the electro-conductive rings (6) increases. As the amount of axial overlap



achieved. In the preferred enbodi ment descri bed,
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The inngrirace bfthe theasteaciag (B iscattacheddirastiie theymagnet-
sel f-synchronous devices, or an actuator with a drive
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also available for the positioning of the magnet-carrying rotor (4). A means is
provided for moving and positioning the magnet-carrying rotor (4) via the
mechanism (9). In the described embodiment, the means shown is a hydraulic
cylinder (10), but the invention is not restricted to this means solely. Other
means may be used to move the magnet-carrying rotor (4) axially. Other means
include, but are not limited to, manual actuation by a mechanical lever, electro-
mechanical self-synchronous devices, or an actuator with a drive screw
arrangement. Other applicable means of adjustment would be selected largely

depending on the intended application of the apparatus.



the electrical currents generated in the rotors of the
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ventilation as shown in the enbodi nent of Figures 2
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_enbodi ment, a magnet-carrying rotor (120) is attached
ligewid eeeling (nptshewmput shaft (118). The array of
magnets (119) rotate with the nmagnet-carrying rotor
(120) oA attemativessmbodiaterttys depictant inrfiguoe SpGand 7. The first
concentrically about the center of rotation of the
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theyatiable speed torque transfer apparatus described in this alternative

embodiment consists of a secondary rotary member comprising an output shaft
rotor (117), magnetically permeable ferrous cylinder (122), which supports and
backs an electro-conductive ring (116), all mechanically connected together, and
constrained to rotate at the same angular velocity. In this embodiment, a
magnet-carrying rotor (120) is attached directly to the input shaft (118). The
array of magnets (119) rotate with the magnet-carrying rotor (120) and are
constrained by the rotor to move concentrically about the center of rotation of the
shaft (118) and to move synchronously with the shaft (118). As in the previous
embodiment, the poles of the magnets (119) are geometrically positioned to be

radial and are magnetically arranged so that the polarity varies at each
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of rotation. An output shaft (117) is constrained to
rotate coaxially with the input shaft (118) by

woeensioseso (125). A rotor cylinder (122) i s nDUuRCEMS25/006179
the out put shaft (117) and is constrained to rotate

soREMSRATEL 14 R, Sy oS5 e

mating fenal e ne o e rotor 2

ol Eltamaes RERLHAT R eﬂ"@@m&mwﬁ% of A esticulat holariy (north
out put shaft (117) and allows the nmagnet-carr .

or south) grezppuped tegathesi Hhe polasopejnt WéilQﬂYtlpWﬁ %mélrd the axis
(117). The axial overlap between the ring of magnets

of tatk¥ipnarkh obputbkatt (b17)ds doastrainedytbirotide coatia)ly withtthe input
rotor can be varied by this neans. The inner cylinder

shéﬁ2@>1 8§ 99 BRAkRgS 112520k Soteh cglifddr éQQQPQUﬁbum%dCoﬂ ihedsutput

In the enbodlnent descri be

sh?'ﬂe(‘]ﬂ;l '7? SRG9EHRLY y Red Yo 'rt]ﬂgréa g%;ic}ﬁbnbésly Wlﬁ':f‘tﬁe%l}tﬁut@faﬁ (117)

a cli rcu erenti fype of arrangenent

oy feant 5 hple SuEl ot B dufip Sl tanat i Wiating
Bl S o ey S i g e

magnet - carryl ng rotor &120 The el ect ro- conduct i
unisorywith16¢ aulgutshedt (14vand @Ilg@@ﬁbemwwﬁﬂrmngamtor (120) to

snooth solid cylindrical ring. Either enbodi nent, the
move akiallg dionglthecalitput sigaft ¢t17)h&heiaxial wiverlap tbiealveeraﬂteering of

arrangenent, or variations of either, can be used

mé@ﬁé@({qng) 8Ad the efdet@léarrilictive ngmd@ﬁ(m) bhihe rotor can be
application. The invention is not limted by the

f -
RIS T S

com%@?aﬁ&gm@q'r' 4188 nﬁgﬁgi%ﬂﬁﬁwtde%s o
BN oM T T iy -

rraterl al, which corrpl etes the magnetic field circuit
ofammgﬂmgn&w@lmcpndum@barﬁgomgrt@tcondHgtl\(elqm ripgs.odgis type of
t he el ectro-conductive ring (116). As with
geometry is useful in shaping the direction of the electrical current flow

generated by the passing proximity of a magnetic field of the magnet-carrying
rotor (120). The electro-conductive ring (116) may also have the geometric form
of a smooth solid cylindrical ring. Either embodiment, the smooth cylindrical ring,
or the circumferential ladder arrangement, or variations of either, can be used
dependeng on the specified properties of the application. The invention is not
limited by the choice of this geometric form. As with the first embodiment, the
magnet-carrying rotor (120) is made up of magnetically permeable material to

lower the reluctance of the magnetic circuit. The cylindrical rotor (122)

supporting the electro-conductive cylinder (116), is fabricated with magnetically
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the first enbodinent, it is preferable to construct

the magnetically perneable rotor cylinder (122) from
wohbes/og6eces of electrically insulated ferrousPautUS208/006179

to reduce undesirable eddy currents in the material.

0 o e ok Nl o
I R e TR T

and the el ectro-conductive ring (116), and thereby
the fiest emthedinnemat, fbigrirefarabledte mstryctathedwaagetlcwélwnﬁﬂrm@@ale
current in the electro-conductive cylinder (116) to
rotercylinded (122) fregnibin picey gf eleviacally inswlatédaferrotisireaterial to
geonetry is ideal for producing strong induced

redlRCURGSENABRE BadY ictlentd in theemaiial.s In ltlhlere‘h*ﬂ)bdlment the rotor
maxi m zing the transmtted torque. A single row of

oy Q2 Himoridtitatly peRficBn® iatdiR %?%S*ﬁ’?t“pv ﬁ""”%?lg
opklinatdn ¢ el CeorfiRiNbIhd (o), IR IaRias thetil) egap
befdesrfia m%bﬁ%r*ﬁgm%witfm%cﬂprfsqn@%?'vé\ﬂée‘?i?é123

out put rotor support cylinder. The yoke allows axi al
thefeby inasaases e megnedic suxwhile) a"qwaeg dbg indyeedi qwgrent i the

amount of axial overlap wth the magnetic ring (119)
elexfira-cendumtive cylingeo(116) do surrpuad the nhagretically pefmeable

magnetic flux transmtted and thus torque transferred,

materidie PEig gabnedtry keideanfonpredudivg atrony mdL&xedCéleéti’@ntagnetnc
rotors. A nmeans is provided for positioning the yoke

fiefId%ntRE Ptoksy thBHS mb&m‘u&‘n@ PERRHIRREd tergudl T hrust

to actuate andrmethee tro-conductive ring rotor
116
oa | 135gTblerov B RIEBNERECL 1E5 A SRl o Apl fe ring
h t hi I b
(1 ER g PR i Cart Fambpeiaat: Fhe ARG I 8k ipgles

for axially novi nlg the el ectro-conductive ring 8116
regognigze ’pl@t,agqcugopg fomes of magenets (119) with corresponding electro-

conductive cylinder rings (116), could be utilized. A yoke (123) is positioned in a
groove (126) in the flange of the output rotor support cylinder. The yoke allows
axial positioning of the rotor (122), thereby changing the amount of axial overlap
with the magnetic ring (119) of the magnet-support rotor (120). The amount of

" magnetic flux transmitted and thus torque transferred, is dependent of the
amount of axial overiap of the two rotors. A means is provided for positioning
the yoke and rotor cylinder. In this embodiment, axial thrust to actuate and move
the electro-conductive ring rotor (116) axially, is provided mechanically through
the rod (124). The means to axially move this rod (124) are not shown in this

alternate embodiment, but one skilled in the art would recognize the various
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magnet-carrying rotor (120), as described in the first
enbodi nent. One skilled in the art will also recognize

woheis/08633er arrangenents of the el ements descr POBMIS2ID5/006179
t he enbodi nents above are al so covered in anot her

op?”ﬂ? ?&r%{%lr)f ﬁ}g& rﬁ]ﬁﬁ]%legﬁgeqonﬁg% rés’ HEQ (1 @@eroit&pr‘é ative to the

functi onal e ged,, and the eration of the
mAGRRIREBS 91T LAY SnleRcpet ot T frehedgdiaent
enbodi nent (not shown), the rings of magnets are
mount e@nenskitiediimihe adwl" U] mogm;edhaapthman@ngements of
el ectro-conductive ring on the exterior cylinder. In
th¢ elrenis sescribed intipa eatbodimentsdalsaved aref alsotcoverstkin another
described. As in the first enbodi ment, the invention

emﬁodiﬁfent (riBtt SHbviy), tﬁt?fumﬂbﬁfof@ﬁe ﬁ’fp”tﬁkﬁaﬂfrofm@hﬁtou}p@l%haﬂ
with correspondl ng el ectro-conductive rings

ro &@&n BR%ln ﬁof@& %evfg?@ba bla gbée %?ﬁgésfm tﬁrﬁmntlon will still

osen to axia n
at i to one another. A second alternative
w Eﬁ) or third enbodinment, is depicted in
flgure d 9. ]n this second ernativ
enbod i@ﬁnoﬂw@mépﬁww (B2t Showias i5e BROB T magnefpare
co-axial cylinders remains fixed at what ever axia
meyiediin the innesylinddeal getar vdth therglecire-canduoetiventingipn the
si npl er enbodi nent than the previously described
exbarioydiylinddrs, lmﬁfnésés:asesdtherammmtusasomlkiaatillcfunctinn as described.
require the output rotating shaft's angular velocity

Ad i théﬁix‘st@ﬁb@@hﬁ&hm% tHe Pvehtien iRt IlmWé@bP/ﬂﬂe aba{ter ®f arrays of
angul ar velocity il e operating. Yet the ot her

R8O S, SR 10 or s v
'"\Yéofﬁ%ﬁ rfifed b A58 el %‘*%Seeé’e@c?ﬁ@&&ht’ﬁ%ﬁ%‘%%séﬁ%ée two rings

| ternative odi ment consists of a primary rotar
relalive 16 ahe rdthar P y y

A second alternative embodiment, or third embodiment, is depicted in
figures 8 and 9. In this second alternative embodiment, the relative axial position
of the two co-axial cylinders remains fixed at what ever axial position the end
user desires. This is a mechanically simpler embodiment than the previously
described embodiments, and is used in services that do not require the output
rotating shaft’'s angular velocity to vary appreciably from the input rotating shaft’s
angular velocity while operating. Yet, all the other advantages of the preferred
embodiment remain; i.e., relaxed alignment requirements, less shaft-to-shaft
vibration transmisssion, etc. The first part of this torque transfer apparatus
described in this second alternative embodiment consists of a primary rotary

member comprising an input shaft rotor (218) and a magnet-carrying rotor (220),
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menber conprising an input shaft rotor (218) and a

magnet -carrying rotor (220), nechanically connected
woaostosex3p) and constrained to rotate at the saRET/US2005/006179

angul ar velocity together. The second part of this

torque transt eSGL bed [ 0
meghiediveld G erisshoRaN T . Snd KBRtraeg B bBiSaf S pnovier

nmenber co Lsing an ou shaft rotor_(217), X ,
velpgdi degethe yTBeﬁ?éaaﬁ é’ﬁ&’fltrtblfs’@&%@ HaaﬁfeS Qﬁggarat%ﬂ%wrlbed in

supports and backs an el ectro-conductive ring (216),
thisisecond laliernativejerobadimend consigés bta segﬁad%rzyrfgtammmﬂber

to rotate atthe same angul ar velocity. In this

comiprizfhgrantoutputrshgifieiotara@1y), ngagnetically DeOmeablederraab eglinder
directly to the input shaft (218). The array of

(22@3 m@h éaé;%rté ahabRicks tah él@@tr&%@ﬂ&&@tﬂfé NG 2 16 &I

are constrai ned yt he rotor to nove

A P AR PR 148 i s
WL A TRIOL A @éanéfbé’r%gﬁseofw?@&ﬁgg%aa@@gwecﬂy o

radi al and _are net i c arra so. th
they BIRufisha(a] B ThY SERYEID St With the Fragnet:
then south, or alternatel y g} oups, so that the
capying fator 203 andtare cms;rametobby eplateraioi move Foneaideally

of a particular polarity (north or south) are grouped
abbay theheentel b rgtatiers op thenshaft (2 18) land towaode spnelrdnolsdy with
axis of rotation. An output shaft (217) is constrained

the §héﬂt(2t| 8).CASX ﬂié predtidus é.’ﬁaodmﬁéﬁtsSin@fgsoléeéﬁﬁmehﬁagnets (219)
I S

beari ngs (not shown). A rotor cyllnder (222)
af%’%‘é?&?%{'gg'e%ﬁﬁlﬁ%*‘n%“d*sﬁ 50 il fﬂ%bﬁﬁﬁ%&@gﬁﬁ'ﬁfﬁ@@%ﬁ@ that
e R vafiet Bl Sbn slBEST Fgnef) if?rnﬁ%@ﬁé%v _%gﬁﬁﬁ@sns
oI ol AP R B RERR T B o

nmeans may be used for nounting the rotor cyllnder
magarets of @ particular potarity fiarth on squthaee provwneddppethesr The poles

(222) supports and backs an el ectroconductive
point radially inward toward the axis of rotation. An output shaft (217) is

constrained to rotate coaxially with the input shaft (218) by bearings (not shown).
A rotor cylinder (222) is mounted on the output shaft (217) and is constrained to
rotate synchronously with the output shaft (217) by means of a collet type conical
collar (221) placed onto the output shaft (217). Similar mechanical means (221)
are used for mounting the magnet-carrying rotor (220) onto the input shaft (218).
Other mechanical means may be used for mounting the rotor cylinder (222) to
the output shaft (217). The inner cylinder (222) supports and backs an electro-
conductive cylinder (216). I;n this second alternate embodiment described, the

electro-conductive cylinder (216) is in the alternate form of a circumferential
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cylinder (216). In this second alternate enbodi nment

descri bed, the el ectro-conductive cylinder (216) is in
woheosaisésonat e form of a circunferential | adder PCYS205/006179

arrangenment with conductive bars joined to conductive

rin This t -of t [ Sk ' [ A
iR Wi dEaraRo etk B coHERRELF Lol IR 1 oty RREP P gnos.
by the passin roxim.ty of .a eti.c field of th
Thighecs aepgiatey vl nzsping hecoeratios oihe eectiehl current
ring (216) may al so have the geonetric formof a
flowrgrnetated| bydths pasging espximity Rt asmagaetie fiplheftbatmagneat-
snooth cylindrical ring, or the circunferential |adder
caayingmotrg220) .oF he eldcioicorsiuntive iringe(2,16) araybaiso hade the
dependi ng on the specified properties of the

gedRti6 firirPok a Biodth ol icylindidcd] ¢ing. Eitheeembvdirignt, the smooth
choice of this geonetric form As with the first two

cyﬁrgﬁ’rgk%il ﬂnﬁg,t&*tﬁéqﬁré[ﬁﬁfé@éﬁ ﬁéd&&%ﬁﬁ@m%@ﬁ? N véﬁat;;ﬂgfieof either,

netically perneable materi a ower t

co e e TR el e B AAASE T e
ndtehis e AR5 b TR S8 RFATHE Mt st wo

Circuitextending fromthe rotati ng magnet ring (219)
embpdimgnts, the Bnagnetsasrving fotor (24 dgs ey up o maanetically
first two enbodinents, it is preferable to construct
perineablegnateriah ltd yower tieaklustanceof thel madpeti¢ €ipA)it. f Theen

thin pieces of electrically insulated ferrous materi al
cylindricedl ster %EZE)SEEII riing thy elietroadstritluctivé BlintRird 216y, is
yIn thi s enbodi nen'?ﬁthg; rotor cylinder's 222)6( )

falbEH&d \Aﬁlﬂ'ﬂﬁgﬁ%ﬁé@@é‘m@tﬁé nfdteRXl, WHich %egr{aggb’téé‘r ﬂ{iésﬁﬁﬁnetic

openings in tro-conductive ring

reifGHE T b Ba R BRI AOh TP EER) i Yecto

copfeBis e, 4 0 ot e BISGOUD URP GBIt o Prelprate o
surround the nmagnetically pernmeable material. This

copstsuelithe magneticallyfar tatag cylinder §222) from thin pieces of

electrically insulated ferrous material to reduce undesirable eddy currents in the
material. In this embodiment, the rotor cylinder's (222) magnetically permeable
material extends up through the openings in the electro-conductive ring (216).
This reduces the radial gap between the magnet ring (219) and the electro-
conductive ring (216), and thereby increases the magnetic flux while allowing the
induced current in the electro-conductive cylinder (216) to surround the
magnetically permeable material. This geometry is ideal for producing strong
induced electromagnetic fields in the rotors, thereby maximizing the transmitted

torque.
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i nduced el ectromagnetic fields in the rotors, thereby

maxi m zing the transmtted torque. A single row of
worysdses3()219) and a single el ectro-conducti vePCTmg2005/006179

(216) are shown in this second alternate enbodi nment.

55 A B IS SR 48y o
o Th S AR o5 HRSet SRR, ol e o

t hat ot her arrangenents of the elenents described in
wauld repegitizerihatsaddionakiows.olynagenelsdd19hwith soresponding

enbodi ment (not shown), the function of the input
elestted-conductiveasydindet piugs $218); covlddres utdlinedbe

functionally exchanged, and the operation of the

I nvent iQme wkilled % the anaiili afgooReEogizel thaboibieh @frangements of
enbodi ment (not shown), the rings of magnets are

thRiHheAts! déﬁiﬁeb A %he %Mﬂd?ﬁ%bﬁﬁ abXePareVhish chSred in & another

el ectro-conductive r|ng on the exterior cylinder.

e GOS8 o 30l 0 0y o
ro %%B he Pq:pgbaégl% 'g)?p&;bav\gg%g?nw%togqu égpcgﬁafz rll@ventlon W||I still

el ectroconductive rings (216). Wile the invention has
WQJkd1oBeRY:r i bed in connection with a preferred

enbodi nent plus two alternative enbodi nents, it is not

i nt enddd anothémembodimeanidpet siiownk thentings bbmagmetsh@re

particular fornms set forth, but on the contrary, it is

mouihieddadhé inrnoyiingricdl retor avitrathevelectroredhilctiie imgon the
and equival ents as may be included within the spirit

ex?GorsMRAeP! I ihesbriaeBsi hie é’}’gaéiﬁfdsr\ﬁ&laystﬂlhﬁn&ﬂﬁ%@&@scribed.
clai ms. CLA'MS What is clai S:

As in the first two embodiments described herein, the invention is not limited by
the number of arrays of magnet rings (219) with corresponding electro-

conductive rings (216).

While the invention has been described in connection with a preferred
embodiment plus two alternative embodiments, it is not intended to limit the
scope of the invention to the particular forms set forth, but on the contrary, it is
intended to cover such alternatives, rpodifications, and equivalents as may be
included within the spirit and scope of the invention as defined by the appended

claims.
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1. An apparatus for transferring torque magnetically
conprising: a primary torque driving rotary nenber and
wa eismsesdary driven rotary nenber; the primaryPCOWUS2005/006179
menber axially overlapping said secondary rotary
menber; the secondary rotary nenber being surrounded
chxnggi d prinmary nmenber; the prinmary rotary nenmber
havi ng per manent magnets nounted on it; the secondary
rotary nmenber having el ectroconductive el enents and

WHBOREEIGRLH Ys:per meabl e material s; said secondary
rotary nenber axially overlapped by said primary

' . . . cai d
1.8 BpparalE T tratCiBhid g fieRball EcthPReRg, °,
sai d_secondary rotat.ing nenber is provided; ,and, sai d
o1 IRy IPIaHs shatind FoRRY FiPrabs and BaCEanIs diRepdptary
by a torque produci ng device and said secondary
MEFORN ng menber being connected to a torque utilizing
devi ce whereby rotation of the primary rotary nenber
causthe pimary ianf membersxiallydaveylappingt $aid secondary sgtary
some or all of the nmagnetic flux lines emanating from
membeerper manent magnets nounted on said primary
rotating nmenber cutting through the el ectroconductive

At efHePsedBhdaRy FotafF AT B&lhg sUrrdBRBEd bl RaIEPNmary member;
generating torque and rotation in said secondary

rot Zfﬁé Hﬁ:ﬁ%ﬁ@tﬁ aﬁgﬁ‘ﬂ&%aﬁy&g{/ﬁ@rrﬂ&‘iéjﬁW%E%gertg}cng&nﬁed on it

t ot ar ea secon rotar

axi al,l y overl| apped by sai d ,primar ot ar nber . 2.

The Histseidary Ragrathel e (NG lbcl Aoy mants and
primary rotary nenber's ger_manent magnets contain rare
ear t Magneleally permeable materials;

said secondary rotary member axially overlapped by said primary rotating

member wherein a means for varying said primary rotary member's axial
position relative to said secondary rotating member is provided; and

said primary rotating member being connected to and driven by a torque
producing device and said secondary rotating member being connected to
a torque utilizing device whereby rotation of the primary rotary member
causes rotation of said secondary rotating member by some or all of the
magnetic flux lines emanating from said permanent magnets mounted on
said primary rotating member cutting through the electroconductive
material on said secondary rotary member thereby generating torque and
rotation in said secondary rotary member in relation to the percentage of
the total area that said secondary rotary member is axially overlapped by

said primary rotary member.
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3. The apparatus according to claim11 in which the

primary rotary nenber's nagnets are supported by a
woybisrndexso nade of a ferrous material. 4. The appamnarws/006179

according to claim1 in which the primary rotary

nber's | Loder. is, C u 0 i [ '

2 i ae ety ptsilingloidRl: MR bsbimant$rdd empers

fromone another by a suitable el (?ctri cal insulating
permaneni magnets-gantgdin Farg: Mg to claim1 in

whi ch the secondary rotary nenber's el ectroconductive
3.MEhecapparatys aecrding 9l claim i in aidch the rIMansrotayy member's

apparatus according to claim1l in which the secondary
magheisyareesupporieddyea cylinderdnade véafetreus mlatesal.

supported by | am nated pieces of ferrous material each
4 eFRe hpparithy asestamyf ©cclain® min Which e eimaly wtayirhahbers

el ectrical insulating material. 7. The apparatus

cyfihGér %i %&&c@@&%ﬂ%g Sﬁ?@'\é{ii@c&@ of Rk Mtafé)}%l each electrically

secondary rotary ne ng | ndependen

SRR i e AL BR A BHRE FRetcBf sBiehi bl

sition is adjusted by an aut tjc device. 9. The ,
5. i rRPREt S BESQIRING totlaiml b WHIGH UG sFondians tapidapber's
rotary nmenber's el ectroconductive material is nmade of
eleeispeondutive natgrinbigsnade of ahunisgpuand its alleysr ding to
claim1 in which the secondary rotary nenber's
6.€Thex aipparatul accordingatoeclaimh 1iis wibet thpusexdnaanarathrysadmber’s
circunferential |adder geonetry nounted on said

eleerecsiIuEtive tnaateriBPRaIpporiedtsy lapinatedpiscds eifefraae material
11. The apparatus according to claim1 in which the

' ' - ani: .
SRR BB TRR ghe s S P Bl iluising
m L.l_ﬁied on sai d secondary rotary nenber's outer

g?ﬁ drical surface.12. The apparatus according to

imlin which th [ '
7.%??3' .[:\npparla?us aIcc?ord?ngetolocglIaurn[n'51 r1y|n rW tig}{ Yhe”&'i‘.%SFy gnd secondary rotary

members being independently supported.

8. The apparatus according to claim 1 in which the primary rotary member's
magnets axial position is adjusted by an automatic device.

9. The apparatus according to claim 1 in which the secondary rotary member's
electroconductive material is made of copper and its alloys.

10. The apparatus according to claim 1 in which the secondary rotary member's
electroconductive material is' configured as a closed circumferential ladder
geometry mounted on said secondary rotary member's outer cylindrical surface.
11. The apparatus according to claim 1 in which the secondary rotary member's
electroconductive material is configured as a solid cylindrical ring geometry

mounted on said secondary rotary member’s outer cylindrical surface.
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per manent magnets contain niodinium iron and boron.

13. The apparatus according to claiml in which the
WOROIFBY330 Ot ary nmenber' s permanent magnets conParmws2005/006179

alnico, iron and ceramic materials. 14. An apparatus

100 fl'hb%ﬂﬁrﬁdsi élg:o}&lhg Y5 cf%?lglﬁ; H}T\éﬁigh%é %ﬁﬂgéré iéé‘%m fhember's

pri'mary“torque drivifg rotar er a °¢ ary
eyt BbRe g bl R R AR BSPE, enber - ¢ he

econdary rotar nber bei ng. surrounded by said :
1§ri°f rapny?é%@@g@?@ngﬁp Rt B Whigh e pamaiy yetagy member's
el ectroconductive el ements and magnetically perneabl e
pesmaneat magnets eeriativalnico; soaapdraramic malenals.

per manent magnets nounted on it; said secondary rotary
1de Ancaparatls for traasferripg torgue swagheticalip cympaising: Ng

menber wherein a nmeans for varying said primary rotary

menbey psmary Blrqi@avivingrotfy FémBef and Bl SEcdRAARAGYIVEN rotary
rotating nenber can be varied; and said prinmary
r ot atj, & pgpnber being connected to and driven by a

torque produci ng devi ce and sai d secondary rotating

menb ' n o atorqgue utilizing deyice

wher 3t Brty FRPE e afall VB rting sdHiRcoRtaTaotary

r ot gt ion of said secondary rotating nmenber by sone or

MBMPBE t he magnetic flux |ines emanating from said

permanent magnets nmounted on said primary rotating

nenbdfe sgeendryyiratasy ghember being tsusoonded bysaidrptimanamember;

on said secondary rotary menber thereby generating

t or qtikee aricharyp retary memberhavisg elzetiocyndwdtve\elomehty and

relation to the percentage ofthe total area that said

secomgegneticalip permeabr mhateriald; al | y overl apped by
the secondary rotary member having permanent magnets mounted on it;
said secondary rotary member axially overlapped by said primary rotating
member wherein a means for varying said primary rotary member's axial
position relative to said secondary rotating member can be varied; and
said primary rotating member being connected to and driven by a torque
producing device and said secondary rotating member being connected to
a torque utilizing device whereby rotation of the primary rotary member
causes rotation of said secondary rotating member by some or all of the
magnetic flux lines emanating from said permanent magnets mounted on
said primary rotating member cutting through the electroconductive

material on said secondary rotary member thereby generating torque and

rotation in said secondary rotary member in relation to the percentage of
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said primary rotary nenber. 15. The apparatus

according to claim14 in which the secondary rotary
WORMI®B6330 per manent nmagnets' contain rare eart RCT/US2005/006179

materials. 16. The apparatus according to claim14 in

i _ .
e SR BTl P8 opreppod v

17. The apparatus according to claim 14 in which the

secoﬁ%‘grgfﬁﬁ%{yiptjjawpeg cylinder is constructed of

built up thin pieces of ferrous material each ,
121 Eee apga!atys 3ECRIANC9 ¢laigi! 4 i Wiih thersegpndary fofary reember's

el ectrical insulating material. 16. The apparatus
pemsanehtigagnets’ coniaingareearih eraterialspri mary rotary

menber's el ectroconductive material is nmade of

16 Tihe apparctds atcordidgoiosclaily 14 Tinwvhighpthesetsndagoiotanygnember's
to claim14 in which the primary rotary nmenber's

midighetd aECIBETrietby B c§linddr rhads ePATEfreds Matdfdl nat ed
pireces of ferrous matérial each electrically separated

r Syl )
117 BBpariidt AGfordindioclain? 14 fn Wi fefoohdaty Bfdrdinembers
ich.th rioa ndg secondary rotary nmenpers bejin .
oytiED i a1 B R R5e SR 1t AR apch Afpotrically

toclaim14 in which the secondary.rot ar}/ nenber's
SeRgJAtacfram e pacther by a suitalje slestiog) insklating snalerial.
device. 20. The apparatus according to claim14 in
16nT laen apharatus aaceiding ot clain Adimwhich iherprimanytrotaxy mensber’s
contain niodinium iron and boron. 21. The apparatus

electrocondgctive mateirial is4made of altiminhm sed itealoys.r ot ary
menber' s permanent magnets contain alnico, iron and

TETISTap s g T SRR ICSSA A0y members
electroconductive material is supported by laminated pieces of ferrous material
each electrically separated from one another by a suitable electrical insulating
material.

18. The apparatus according to claim 14 in which the primary and secondary
rotary members being independently supported.

19. The apparatus according to claim 14 in which the secondary rotary member's
magnets axial position is adjusted by an automatic device.

20. The apparatus according to claim 14 in which the secondary rotary member's
permanent magnets contain niodinium, iron and boron.

21. The apparatus according to claim 14 in which the secondary rotary member's
permanent magnets contain alnico, iron and ceramic materials.

22. The apparatus according to claim 14 in which the primary rotary member's

electroconductive material is made of copper and its alloys.
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el ectroconductive material is made of copper and its

al l oys. 23. The apparatus according to claim114 in
wohoashsédse primary rotary menber' s el ect r ocondBCTiU$2005/006179

material is configured as a closed circunferenti al

: . . '

23 e BB hbcciRif fbah I WA BRbr A btary members
ceardi toclaiml4 in which th rj mar ot gr

efriieonditsvg sietrl b ranigliridas e clpsed clityimfetential ladder
solid cylindrical ring geonetry nounted on said,

IPPMRHY yNewAteH \PHeRE SISy otgFy %}ﬂ"ﬂbﬁf’rﬁ inper sylindsical syréace.
An apparatus for transferring torque magnetically

240 appatptusapeonding/todaiqud4 in whiahgthequrimgrymetarg membler's
a secondary driven rotary nmenber; the primary rotary

elegefroeondudivel mateviel isagpifiggresbasia selid nghmdricab ting \yeometry
nmenber; the secondary rotary nenber being surrounded

md\nfe&d En RaIdBriMaREFoafy: mERDePS infRincyliRiAc stPEBE!

havi ng permanent magnéts nounted on’it; the secondary

OA AL, ' : | 3 and
28 A PpEERTE for Wi rReTot R IARGHECAIG SLBTRAS,
rotary nenber axially overl|lapped by said prjmary.
" ot At R R el dividy Fotaty et ANy 3 seenndas uen otary
axial position relative to said secondary rotating
¥ is fixed; and said primary rotating menber
bei ng connected to and driven by a torque producing
devi 8’\? prirnagaicddaygnenmier pxialy averappingisaid sedaonglary rotary
connected to a torque utilizing device whereby

mephisgri on of the primary rotary nmenber causes rotation
of said secondary rotating nenber by sonme or all of

the fROSQIdEIaly Fotaly MemRIBRRG SerddIBEEY SailBirmas thember:;

magnets nounted on ‘said prinmary
the primary rotary member having permanent magnets mounted on it;
the secondary rotary member having electroconductive elements and
magnetically permeable materials;
said secondary rotary member axially overlapped by said primary rotating
member wherein said primary rotary member's axial position relative to
said secondary rotating member is fixed; and said primary rotating
member being connected to and driven by a torque producing device and
said secondary rotating member being connected to a torque utilizing
device whereby rotation of the primary rotary member causes rotation of
said secondary rotating member by some or all of the magnetic flux lines
emanating from said permanent magnets mounted on said primary

rotating member cutting through the electroconductive material on said

secondary rotary member thereby generating torque and rotation in said
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rotating nenber cutting through the el ectroconductive

materi al on said secondary rotary nenber thereby
wQgemsriaéisng torque and rotation in sai dsecondaPgTMSL@EM06179

menber in relation to the percentage of the total area

oo seR PR bRl A P ATBIE Ik Befsbrtbld o e otal arem
P el SR Shnlahe Sl oRelip St b Sirimary

materials. 27. The apparatus according to claim25 in
whi oletaryengmbatry rotary menber's magnets are
supported by a cylinder made of a ferrous material.
26 F helipparphs adoosding to cim@a in whigh the primarynotaty member's
primary rotary nmenber's cylinder is constructed of

pdtidrient hddhets BbetaRtrapé chfthmgteriaid.eri al each
el ectrically separated from one another by a suitable

2F I8 %éé‘é}btdwo?&ihg% BRI 25 widigh tHé Eriﬁ&?ﬂ&bﬂﬁmember's

according to claim25 in which the secondary rotary

R T N L B
RN RS I - —

pieces of ferrous material each electrically separated
cyiindar isreonstructesoffauilh up dhindriecescpiderious matefial gagh elgctrically

material. 31. The apparatus according to claim?25 in
segdratedt frempmienamothaniny a sudablersiectacakinsulatihg materaing

i ndependently supported. 32. The apparatus according

29.0THd apparatus dcovhdinb tb it 257RYT Whichtthe ¥eomd:y rétary member's
magnets axial position is.adjusted by an automatic

el%ﬁf%ﬁ?rﬂq ve gﬁé’lﬂéﬁﬁéd@oﬁ&ﬁ irgti#rﬂgaﬁoqwcélﬂi 125 in

e secondary rotary ne el ectroconducti ve

30BHE! hfbaratud Bordhg 8 25 Whithdhé @é8ondary rotary member's

electroconductive material is supported by laminated pieces of ferrous material
each electrically separated from one another by a suitable electrical insulating
material.

31. The apparatus according to claim 25 in which the primary and secondary
rotary members being independently supported.

32. The apparatus according to claim 25 in which the primary rotary member's
maghnets axial position is adjusted by an automatic device.

33. The apparatus according to claim 25 in which the secondary rotary member's
electroconductive material is made of copper and its alloys.

34. The apparatus according to claim 25 in which the secondary rotary member's
electroconductive material is configured as a closed circumferential ladder

geometry mounted on said secondary rotary member’s outer cylindrical surface.
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34. The apparatus according to claim25 in which the

secondary rotary nenber's el ectroconductive materi al
woO0msmséisgur ed as a closed circunferential | adder/us2005/006179

geonetry nmounted on said secondary rotary nenber's

Lodrical sy : [ '
39 18 aaro R 3o bl o REfn 25 YcA MRS SBLATARTORY Rbmbers
el ect rocopductive materjal i.s configured as, a solid
elegirosRIKIUCHYS Frairialds FEMIgLTRE A solsHowidicabing gappetry
rotary menber's outer cylindrical surface. 36. The
mapptadenisaidcespadaty rotary membens prteiaylindricsd springar y
rotary nenber's permanent magnets contai n ni odi ni um
36.r'the apphrbtuscaccodding Th elaim26 intwkich dbe pdimary rotacy aiember's
25 in which the primary rotary nmenber's permanent

pETREHTRING niYiiets Boniain Aiediniuriremandeoromc materi al s.
38. An apparatus for transferring torque magnetically

TN ARG o LRI BUNTCAne Bty FOEHinchrs
poTEfRRE Pidehets s5i{Ein SRRt o) 2l BRI ARl A ol nae
id [ ;.th [ ) t nb
307 AR S SERIRTNG Sahe RERethal RATREBIER | y
perneabl e materials; the secondary rotary nenber
havi & §rip@ryeraHe driviieeiotanysnember aRd ia secondans davait eatgry
rotary nenber axially overlapped by said prinmary

r ot amempearenber wherein said primary rotary nenber's
axial position relative to said secondary rotating

nmenbipe grimadyxetkryansmbar axially oveiappMd@sakidsatondary rotary
bei ng connected to and driven by a torque producing

mefidgre and said secondary rotating nenber being
connected to

the secondary rotary member being surrounded by said primary member;
the primary rotary member having eléctroconductive elements and
magnetically permeable materials;

the secondary rotary member having permanent magnets mounted on it;
said secondary rotary member axially overlapped by said primary rotating
member wherein said primary rotary member's axial position relative to
said secondary rotating member is fixed; and

said primary rotating member being connected to and driven by a torque
producing device and said secondary rotating member being connected to
a torque utilizing device whereby rotation of the primary rotary member
causes rotation of said secondary rotating member by some or all of the
magnetic flux lines emanating from said permanent magnets mounted on

said primary rotating member cutting through the electroconductive
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a torque utilizing device whereby rotation of the
primary rotary nenber causes rotation of said

weeoawsrndedsy rotati ng menber by sone or all of tReT/US2005/006179
magnetic flux |ines emanating from said pernmanent

cur TR ERe B SR o™ Bt Ry ahéubet DisrdPy BEEP AR sorqpe and
o T ol Y CRERR 551 RO R 3Aoe o
to the percentage of the total area that said

secdhadetal aadthat seidisecondamnotarnyynember i pxiglly pverarped by
primary rotary nmenber. 39. The apparatus according to

cl aisaid@primaryiotaly membeecondary rotary nmenber's
per manent negnets' contain rare earth materials. 40,

39 rafussactefdihg td Blaird 38 il which the sedorefary betary member's
secondary rotary nenber's magnets are supported by a

penildnd %d@ﬂ@f*s-%n@irggrlémh@tﬁrgr@égl- The appar at us

according™to clarm condary rotary

SRSt Bk (PRI 4B Y S e ebers

from one anot her a.sitable%%:f:trical {'n.slating
r

by
magRels;aie supported by apdindel Badeiaienpusdnaiestt 38 in
which the primary rotary nenber's el ectroconductive ,
4vgther apparatisrraeerding 40 glaimdd innwhich dheypeegndany sotanhmember's
apparatus according to claim38 in which the primary
cylinder ig comstracted aflbeiilt up dhingiecdsvef ferrbas mmteiial each electrically
supported by I am nated pieces of ferrous material each

seiafgtedi fidth lonesihét I8fa suhablerslectricllinsul@tingniitétiab! e
el ectrical insulating material. 44. The apparatus

4PC/REY %baﬂ’é}aﬁ% é&c%ir&‘l’hﬁgo icl?air#e!%@f‘h \M?igh Rhé ggg'ﬁrg‘i’&ary member’s

Seconddry rotary nehbers ng | ndepen

oRHRRSH o g9 ORI APt e m o0 10

43. The apparatus according to claim 38 in which the primary rotary member's
electroconductive material is supported by laminated pieces of ferrous material
each electrically separated from one another by a suitable electrical insuléting
material.

44. The apparatus according to claim 38 in which the primary and secondary
rotary members being independently supported.

45. The apparatus according to claim 38 in which the secondary rotary member's
magnets axial position is adjusted by an automatic device.

46. The apparatus according to claim 38 in which the secondary rotary member's
permanent magnets contain niodinium, iron and boron.

47. The apparatus according to claim 38 in which the secondary rotary member's

permanent magnets contain alnico, iron and ceramic materials.
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magnets axial position is adjusted by an automatic

devi ce. 46. The apparatus according to claim38 in
wohoashsédse secondary rotary menber' s per manent POBREIS&I0S/006179

contain niodinium iron and boron. 47. The apparatus

SeE SR8 SR At o3 SRR g e

ceram ¢ material s. 48. The apparatus.according to claim
elepirocANGHFSR MRS (S1RAGS G5 CRPGeR R S Slloys.
el ectroconductive material is made of copper and its
493 The\apparatus Aseordichtaelaisn 3840 miietytheoprimanniataryimember's
which the primary rotary nmenber's el ectroconductive
eleditoeondlctive matdrial is ezhfigsred ab @seosed ciceurhfarential dadder
| adder geonetry nounted on said primary rotary
geBRIES mBuhtddedn SXidi prthayabtiy manaberSthnefltglindical stiace.
according to claim38 in which the prinmary rotary

5dggﬁp§{pg§|r§tgg g\fcggfoﬂyt&abm 388h SHidh tHeSpimahy &&tg@%aﬁm@r's

ng geometry nounted on ‘sal

elé)cgt}or&%muét?\;eaﬁ'ééte%rfpse&rﬁidu?gﬁ bs %yédli'adcgyjliﬁahcaqfrfgaﬁeeometry

mounted on said primary rotary member’s inner cylindrical surface.
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