-1 - | MPROVEMENTS | N MAGNETI C COUPLI NGS The present invention rel ates
to magnetic couplings. Magnetic couplings are a wel | -known

al t er nat iwe 202/083%6r nechani cal couplings in torque traRrSFIGERINISKW3t ens.
They provide torque transmssion 5 with inproved efficiency, wthout the
energy |l osses incurred through nmechanical drives, and allow a driven
conponent to be isolated froma drive system They can be configured to
slip when excessive torque occurs, and elimnate the probl ens associ at ed
with rotating shaft seals such as inherent |eakage and friction. 10Prior
proposal s for magnetic couplings include WO 2010/121303 and US

2008/ 0217373. Preferred enbodi nents of the present invention aimto provide
magnetic couplings t HMPROVENHENGES INiMAGNEELEr CRHIPFEN&GSecononi cal t han

previ ously proposed nmagnetic couplings. 15In the context of this
specification, the term' magnetic coupling’ is used in a general sense to
refer to arrangenmeespiesenstinahtineirblates @henagnedupdiakbt.y coupl ed toget her,
to include arrangenents that m ght be known as, for exanple, nagnetic
coupl ers, magnetic drives and magnetic interlocks. According to one aspect

of the present i nm&gﬂe@ie coh?]%g% ArS 2 RFAVIRRG ArctRaTRABRIth & HOURhIAD
conprising a first permanent nmagnet nounted on a first coupling nenber and

presenting aouplisgs ipabajucsethsiacein anens. SBagdopee tanen trramagissionmount ed on
a second coupling nmenber _and presenting a second pol ari sed face; wherein
said first awh sepuned eHiptiagviteaehs cagwy dpspoisedrred through mechanical

drives, and allow a driven component to be isolated from a drive system. They
can be contfigured to slip when excessive torque occurs, and eliminate the
problems associated with rotating shaft seals such as inherent leakage and

fricton.

10 Prior proposals for magnetic couplings include WO 2010/121303 and
US 2008/0217373.

Preferred embodiments of the present invention aim to provide
magnetic couplings that are more efficient, safer and more economical than

previously proposed magnetic couplings.

15 In the context of this specification, the term ‘magnetic coupling’ is used
in a general sense to refer to arrangements in which members are magnetically
coupled together, to include arrangements that might be known as, for example,

magnetic couplers, magnetic drives and magnetic interlocks.

According to one aspect of the present invention, there is provided a
20 magnetic coupling comprising a first permanent magnet mounted on a first
coupling member and presenting a first polarised face; and a second permanent
magnet mounted on a second coupling member and presenting a second

polarised face; wherein said first and second coupling members are disposed



- 2 - opposite but offset fromone another and said first and second

pol ari sed faces are of opposite polarity and face one another. Preferably,
sai d magre00rep®St from sai d coupling nmenbers. Prefer &bmiGB2emymdoreagnet s
are of rhonboid shape. 5Preferably, each of said nmagnets has two pol arised
faces of opposite polarity. A magneti c coupling as above preferably
conprises a plurality of said first coupling nenbers with respective first
magnets, arranged opposite to and alternating with a plurality of said
second coupling nenbers with respective ;10 second nagnets I n anot her
aspect, the invention provides a nmagnetic coupling conprising first and
second coupling nenbers, each having a respective series of permanent
magnet s t hatoppositebet ¢ifeanftdre O@Qlapbgwgaﬂé%érﬂrstmér@tmd polariscscfacest t he
series, each of _.the nagqgts hag opposite faces of opposite polarity and 15
consecut i ve AaghePrORcP Iy a8 #?%ﬁF@ﬁ@Ogﬁgther with said faces of
consecutive magnets of alternating polarity; the coupling nmenbers being
juxtaposed with the respective series of nmagnets di sposed opposite but

of fset from one anbefeeably, said magneshpisiect fiwnmayd spsplote maetheseri es may
project into a space between two magnets of the other series, with opposing
faces being of opposite polarity. 20Preferably, said coupling nenbers are
rotary menbers w thhrefelndily, shielspegiccyererdghetnboal shapged around their

peri phery.

5 Preferably, each of said magnets has two polarised faces of opposite

polarity.

A magnetic coupling as above preferably comprises a plurality of said
first coupling members with respective first magnets, arranged opposite to and
alternating with a plurality of said second coupling members with respective

10  second magnets

In another aspect, the invention provides a magnetic coupling
comprising first and second coupling members, each having a respective series
of permanent magnets that project from the coupling member; wherein, for each
of the series, each of the magnets has opposite faces of opposite polarity and

15 consecutive magnets are spaced from one another with said faces of consecutive
magnets of alternating polarity; the coupling members being juxtaposed with the

respective series of magnets disposed opposite but offset from one another.

Each of the magnets of each series may project into a space between

two magnets of the other series, with opposing faces being of opposite polarity.

20 Preferably, said coupling members are rotary members with their

respective magnets arranged around their periphery.



3 Preferably, said coupling nenbers are arranged concentrically one
i nsi de the other. According to anot her aspect of the present
i nventi onyotzhevm®sios provi ded a nagneti c coupling nenber PCOMGB20B1/03010a
carrier and a plurality of permanent 5 magnets nounted on the carrier,
wherein each of the magnets is formed with at | east one recess and a
plurality of rods are provided on the carrier and engage the recesses to
secure the magnets on the carrier. Preferably, each of the nagnets
has a pair of said recesses at opposite sides of a base portion of the
magnet. 1OPreferably, said carrier conprises a pair of elenents arranged
with the nmagnets between them each of the elenments carrying a series of
rods that alternatiselgrabiy,tshid qopgling menhzerpatserrtapped hencsnginany one
Preferably, .each of the nagnets projects fromthe carrier to define a
sal i ent pol 'S 45B%e?BFhbly, each of the magnets is polarised to afford a
North Pole at one side of the nagnet and a South pole at the other side.
Preferably, said rods are in the formof bolts. According to a further
aspect of the preserordingsnenether atpsrieof he presgndivgeatomgherciie peoigid ng
menber conprising a bodﬁ of gﬁ{ﬂBnentJy magneti c .
a magrietic coupling member comprising a carrier and a plurality of permanent
5 magnets mounted on the carrier, wherein each of the magnets is formed with at
least one recess and a plurality of rods are provided on the carrier and engage the

recesses to secure the magnets on the carrier.

Preferably, each of the magnets has a pair of said recesses at opposite

sides of a base portion of the magnet.

10 Preferably, said carrier comprises a pair of elements arranged with the
magnets between them, each of the elements carrying a series of rods that

alternate with the rods on the other of the elements.

Preferably, each of the magnets projects from the carrier to define a

salient pole.

15 Preferably, each of the magnets is polarised to afford a North Pole at

one side of the magnet and a South pole at the other side.
Preferably, said rods are in the form of bolts.

According to a further aspect of the present invention, there is provided
a magnetic coupling member comprising a body of permanently magnetic
20 material arranged to rotate about a rotational axis, the body being polarised in a

direction perpendicular to said rotational axis.

Preferably, said body is cylindrical.



20 material arranged to rotate about a rotational axis, the body being
polarised in a direction perpendicular to said rotational axis. Preferably,
sai d bodywD=oryds3vdrical. - 4 - Preferably, said body iPsTafB20izsodoar
section. A magneti c coupling nenber as above may conprise a plurality
of said bodies arranged side by side, with their directions of polarisation
offset fromone another in a spiral pattern. 5Such a nmagnetic coupling
menber may be provided in conbination with a circular nenber with which the
coupling nenber is nmagnetically coupledas a wormdrive. Magneti c
coupling nmenbers as above may be arranged in a magnetic coupling, axially
spaced from one another. 10Magnetic coupling nenbers as above may be
arranged i n a magrdticcadpspidi myly iapf eingder ssoerent rical |y within one

anot her. A netal sleeve may be provided around the body of at |east
one of the magnetic coupling nenbers. In a magnetic coupling or
coupl i ng nenber actarghege taupding noémboreasbbope acgdiongpraspedhsliafoftdarl

i nvention, the or each_ permanent magnet or body of permanently magnetic
material pr dfastiestArsangenpice Seside, wihdhes ditactpnsertipglarisation offset from one

another in a spiral pattern.

5 Such a magnetic coupling member may be provided in combination
with a circular member with which the coupling member is magnetically coupled

as a worm drive.

Magnetic coupling members as above may be arranged in a magnetic

coupling, axially spaced from one another.

10 Magnetic coupling members as above may be arranged in a magnetic

coupling, arranged concentrically within one another.

A metal sleeve may be provided around the body of at least one of the

magnetic coupling members.

In a magnetic coupling or coupling member according to any of the
15 preceding aspects of the invention, the or each permanent magnet or body of

permanently magnetic material preferably comprises a rare earth material.
Preferably, said rare earth material comprises neodymium.

A magnetic coupling preferably comprises a plurality of magnetic
coupling members according to any of the preceding aspects of the invention,

20 magnetically coupled with one another.



Preferably, said rare earth material conprises neodym um A
magneti c coupling preferably conprises a plurality of nmagnetic coupling
menber s awoantiaeg3oso any of the precedi ng aspects of thecCreBnt26n0320
magnetically coupled with one another. - 5 - Such a nmagnetic
coupling may be a rotational coupling or a |linear coupling. For a better
under st andi ng of the invention and to show how enbodi nents of the sane
may be carried into effect, reference will now be 5 made, by way of
exanpl e, to the acconpanying di agrammatic draw ngs, in which: Fi gure
1 shows one exanple of a rhonboid polarised nagnet in isonetric view,
Figure 2 shows a pair of the rhonboid polarised magnets of Figure 1, 10
arranged si de by siugk awhagnetineprplingmapbe syntrtipngl qoaphng ef atiscarach ot her

and show ng ngg etic forces therebetween; Figure 3 shows the pair of
rhonboi d madi&Ps™&rranged as in Figure 2, but axially offset fromone
another; Figure 3a illustrates two nagnets interlocking in md-air;

15Figure 4 is a viewsimlar to that of Figure 3, but show ng a further
For a better understanding of the invention and to show how

embodiments of the same may be carried into effect, reference will now be
5 made, by way of example, to the accompanying diagrammatic drawings, in

which:

Figure 1 shows one example of a thomboid polarised magnet in

isometric view;

Figure 2 shows a pair of the thomboid polarised magnets of Figure 1,
10 arranged side by side with their axes of symmetry parallel to each other, and

showing magnetic forces therebetween;

Figure 3 shows the pair of rhomboid magnets arranged as in Figure 2,

but axially offset from one another;

Figure 3a illustrates two magnets interlocking in mid-air;

15 Figure 4 is a view similar to that of Figure 3, but showing a further

magnet and magnetic forces;

Figure 5 is a view similar to that of Figure 3, but showing the magnets

turther axially offset but with their longitudinal axes closer together;

Figure 6 shows one example of an embodiment of a magnetic coupling

20 member in isomettic view;



magnet and nmagnetic forces; Figure 5is aviewsimlar to that of
Figure 3, but show ng the magnets further axially offset but with their

| ongi t udiwal20ex®83961 oser together; 6 Fi gure 7 ®howaBare/sapBoded
view of the configuration of bolts and magnets in the nagnetic coupling
menber of Figure 6; Figure 8 shows an expl oded view of the magnetic

coupling nenber of Figures 6 and 7 with a coupling plate and ring; 5Figure
9 shows a plan view of the radial magnetic coupling nenber of Figures 6, 7
and 8; Figure 10 shows a side vigw of the radial magnetic coupling
menber of Figures 6, 7 and 8; Figure 11 shows a section A-A

t hrough the side view of Figure 10, 10 showi ng the integration of bolts and
magnet s; Higued shbassivanplaledaigve of theoupigurgionondrdlsiang i nner and

outer magneti c coupl :qgg? menbers; .. shows one exanple of a

b Fi gure 1%

magnet i ¢ couBrIG MehboMSRF therupling men ﬁ%?fglg‘ﬁmec | ar pol ari sati on;

15Fi gure 13 shows two magnetic coupling nenbers of Figure 12 as a
Figure 8 shows an exploded view of the magnetic coupling member of

Figures 6 and 7 with a coupling plate and ring;

5 Figure 9 shows a plan view of the radial magnetic coupling member of

Figures 6, 7 and §;

Figure 10 shows a side view of the radial magnetic coupling member of

Figures 6, 7 and §;

Figure 11 shows a section A-A through the side view of Figure 10,

10 showing the integration of bolts and magnets;

Figure 11a shows a magnetic coupling comprising inner and outer

magnetic coupling members;

Figure 12 shows one example of a magnetic coupling member with

radial or perpendicular polarisation;

15 Figure 13 shows two magnetic coupling members of Figure 12 as a

driver member and a driven member, with an air gap therebetween;

Figure 14 shows a similar arrangement to that of Figure 13, but where

the driver member is greater in diameter than the driven member;

Figure 15 shows one example of an arrangement of magnetic coupling

20  members of Figure 12, with one driver member to a plurality of driven members;



driver menber and a driven nenber, with an air gap therebetween;

Figure 14 shows a simlar arrangenent to that of Figure 13, but where the
driver nmewbepiZmesigseater in dianmeter than the driven nme®rOEGB2012/0B0H03
Figure 16 shows anot her exanple of an arrangenent of nagnetic coupling
menbers of Figure 12, with driven nmenber offset at an angle to the driver
menber; Figure 17 shows anot her exanple of an arrangenent of magnetic 5
coupling menbers of Figure 12, with internediary driven nenber to relay a
torque transm ssion through 90 degrees; 5 _ Fi gure 18 shows anot her
exanpl e of an arrangenment of magnetic coupling nenbers of Figure 12, in
drum configuration with driven nenber housed inside driver nenber; 10Figure
18a shows two magrdégite léchpiisngoteriosmsplsiaf inpernpaadieudfanaguitar i sat i on;

Fi gure 18b shows the two c | i ng. menber.s of Figure 18a nounted on
respective s‘:ﬁ’éﬂ)i,\’f‘%g, %@Wr%ggéﬁm %ﬁmgﬁ ﬁifﬁnr@émb%ﬁP%set atan angle Oghgyre 18¢
is a view SidﬂJe?‘he}gﬁ’o@ gure 18b, show ng novenent in an 15 opposite

[

di rection; gure 18d is a view simlar to Figure 18b, show ng the
coupling menbers in a drum configuration;

Figure 17 shows another example of an arrangement of magnetic
5 coupling members of Figure 12, with intermediary driven member to relay a

torque transmission through 90 degrees;

Figure 18 shows another example of an arrangement of magnetic
coupling members of Figure 12, in drum configuration with driven member

housed inside driver member;

10 Figure 18a shows two magnetic coupling members with perpendicular

polarisation;

Figure 18b shows the two coupling members of Figure 18a mounted on

respective shafts, with movement in one direction;

Figure 18c is a view similar to Figure 18b, showing movement in an

15 opposite direction;

Figure 18d is a view similar to Figure 18b, showing the coupling

members in a drum configuration;
Figure 18e is a cutaway view corresponding to Figure 18d;

Figure 19 shows an example of an arrangement of a magnetic coupling
20 member of Figure 12 arranged to drive an axially polarised array of magnets in

circular configuration;



Figure 18e is a cutaway view corresponding to Figure 18d; Fi gure
19 shows an exanpl e of an arrangenent of a magnetic coupling 20 nenber of
Fi gure l12awarnmngedsto drive an axially polarised array eCTaBnerS0ion
circular configuration; 8 Figure 20 shows a cylindrical magnet that
is polarised perpendicular to its axis of rotation; Figure 21 shows
one exanple of a plurality of cylindrical magnets of Figure 20 joined
together, with spiralling configuration of polarisation; 5Figure 22 shows
the plurality of cylindrical nmagnets of digure 21 in use as a magnetic worm
drive to drive a circular array of magnets; and Figure 23 shows the
plurality of cylindrical magnets of Figure 21 arranged to drive a further
plurality of cyliddgirea0 shagnetsliodric@l qugeetthat ispoldrised pgipeadicular ke
references denote like or corresponding parts. 10It is to be understood
that the varfdi® ?'e&ftii°8s that are described in the foll owing and/ or
illustrated in the drawings are preferred but not essential. Conbinations
of features described and/or illustrated are not considered to be the only
possi bl e conbi nat ifagste Arthews osearerple fthplugding phaewindripdinyignets off eat ur es
may be omtted, \@r.i eddor conbi n@d L n. di ffe?ent .con‘gi nfalt.i ons, where 15
practical . ASZjiGst IgHEd Qe Vithreiraligs SOBHES AR OS PYIAESt9% ust rat ed i n
Figures 6 to 11 is not the only possible shape for use in such enbodi nents,
and magnets 3 of such shape do not have to be used invariably with all of
t he ot her5 conponenrtiguts Fawhoms t glurdiy ef edintirical magnets of Figure 21 in use

as a magnetic worm drive to drive a circular array of magnets; and

Figure 23 shows the plurality of cylindrical magnets of Figure 21

arranged to drive a further plurality of cylindrical magnets of Figure 21.
In the figures, like references denote like or corresponding parts.

10 It is to be understood that the various features that are described in the
following and/or illustrated in the drawings are preferred but not essential.
Combinations of features described and/or illustrated are not considered to be
the only possible combinations. Unless stated to the contrary, individual
features may be omitted, varied or combined in different combinations, where

15 practical. As just one example, the shape of magnets 3 as illustrated in Figures 6
to 11 is not the only possible shape for use in such embodiments, and magnets 3
of such shape do not have to be used invariably with all of the other

components shown in Figures 6 to 11.

Figure 1 shows a permanent magnet 3 that presents a thomboid shape,
20  with a plurality of ribs 31 on opposing sides that are used to retain the magnet 3
in position within a circular or linear body that is provided with a
complementary recess shaped to receive and engage with the ribbed sides 31.

The magnet 3 is polarised as indicated in Figure 1, with a north N pole extending



Figure 1 shows a pernmanent magnet 3 that presents a rhonboid shape, 20 with
a plurality of ribs 31 on opposing sides that are used to retain the magnet
3 in posiwDan2wi9s3ssn a circular or linear body that is pcodRtert/0stod a
conpl ementary recess shaped to receive and engage with the ribbed sides 31.
The magnet 3 is polarised as indicated in Figure 1, with a north N pole
extending 9 along one side of the nagnet 3 and a south S pole extending
symmetrically along the opposite side. The magnet 3 may be
manufactured froma rare earth (e.g. neadym un), which can be noul ded and
sintered, and cut to shape with dianond wires. The 5 rhonboid shape
provides a relatively slimcross-section, simlar to nechanical gears, and
thus nore nederg enaside bethesmagper aadaasouto wpvds extrdingarhvetididpalngo
rhonboi d may, be ada éﬁ? - e.g. circular or oval. In Figure 2, two
magnets 3 aFQCQPPQﬁgi Side by side with their axes of symetry parallel to
each other and aligned on a central axis shown by a dotted 10 |line. The
south pole S of the upper nmagnet 3 faces the north pole N of the | ower
magnet 3 and t herEhd mageis may he traacticarred dfase aeteweeh (EBeneasyrrHegnet s 3.

If released, the nmagnets wi]l stick together. .ILn..Fi gure .3, e centres
of the magnet’¥ch Cﬁ%gg Hb(i’éjé%ﬁédoﬁ‘iﬁ?teﬁi ﬁgg (4t CoaHgPe & 1%%1@@%§§ Y85t Hé'“magnet s
face each: ot : i i i : ! pPL:i.Si on has
beon obser vedrrhstTsiperpRRky AL PRostRetiiobtibalpd, BERAEITT, |12

ot her magnetgeatsNandBgGRELSeNONEIcR @l INCHsctlpeRhaadiHoWeR al@8PEE sHapesach
other with considerable force - that is, they adopt an equilibrium position
wi t h r especttotrtbomheicamay berdoffteids- ¢.g. areniar o gnilf i cant because, if the
magnets 3 are arranged in aring or line, such as in a rotary 20 coupler or

a linear drive, they do not want to junp out of alignnent, as nay happen in
prior art devicesln Figure 2, two magnets 3 are arranged side by side with their axes of

symmetry parallel to each other and aligned on a central axis shown by a dotted
10 line. The south pole S of the upper magnet 3 faces the north pole N of the
lower magnet 3 and there is thus an attraction force between the two magnets 3.

If released, the magnets will stick together.

In Figure 3, the centres of the magnets 3 have been offset such that

angled faces 32 of the magnets face each other. In this configuration, the

15 surprising phenomenon has been observed that, even though N on one
rhomboid magnet faces S on the other magnet, the magnets now interlock in
mid-air with respect to each other with considerable force — that is, they adopt
an equilibrium position with respect to one another. This is very significant
because, if the magnets 3 are arranged in a ring or line, such as in a rotary

20 coupler or a linear drive, they do not want to jump out of alignment, as may

happen in prior art devices.

This phenomenon is illustrated in Figure 3a, which shows two magnets
13 mounted on respective bodies 14 that are pivotally mounted at pivot points

15. The N and S poles of the magnets 13 face each other and, although the



Thi s phenonenon is illustrated in Figure 3a, which shows two nagnets 13
nmount ed on respective bodies 14 that are pivotally nounted at pivot points
15. The Nvendi2®9gasses of the magnets 13 face each ot her pamazB2ai2dsowgh t he

- 10 - bodies 14 are free to pivot about their respective pivot points 15,
they lock in a position as shown, |eaving a considerable air gap.

Figure 4 shows a further magnet 3, illustrating how the magnet 3 on the
right (as seen) is |ocated between the two facing magnets 3 on the right.
The 5 magnetic forces between the nmagnefg 3 serve to naintain the magnets 3
in a state of equilibriumsuch that they tend to stay | ocked with respect
to each other. Figure 4, if extended to include an extended series of
magnet s 3 alhasligsaltdedry foen thpivotlabbut det respghtivepides paints b riheyniagk iepr esent
either a Iinear.driéﬁ>or Foupliqg; %r % devel oped view of a rotary drive or
coupl i ng. MRASHER: AS0hOMRe [ ARGREONSIAEHDE AL B | ef t side, up or down, as
seen, will induce correspondi ng novenent of the magnets 3on the right side
as seen, due to the magnetic coupling forces between the magnets 3 - and

vi ce- ver sa. Higurejdthoavss:, fusthen magnethd iksgiaeng haweths meagglit 3 re the posi ti on
where they can pass each other, they will_still seek,to interlqock as in

Fi gures 3 arﬁfhz‘i?%s ¥h 1sit]1 ,atf%gbettwgvl a]elqwoh%fmﬁég%gng%? O%lﬂhee?@?fnl s forced
to. The int d [ ' i j all i tion; but wll

Sti 11 have. herEltTORARRIR ol Fifal SABREED ol BRREEPTin 20 o8 such

that they bajdic b€pghiliBAGMALER d6dt (BAEcANQb REK JodMeauViletesh@dt t8 cach other.
sel f-stabilised assenbly, and creates a far stronger magnetic coupling 1

t han convent Fgpat 4.5y sttended W inelufle shabidnidsd ngric@®fsyagrem 3 sltahsolymich saf er,

avoi di ng the danger of nagnetic elenents being fired out of an assenbly at
hi gh speed, heaht ey a FpRnIes 48 rseet %%eréﬁﬁf’éﬁ%ttﬁ“%l.efaineaf Ve OaPE above,

| ocati ng the _magne in a-suitable carrier. requires th rovision of a
shaped Tecedd Tonrkvet ittt ShgRob i i Rloks bR Bl B €D ©
typi cal I yg r egpicast SXRENS bY BowR! @s%e%h,%ﬂl%&&de%r%e@ﬁ&%ﬁg Sovehl erbodi ment

the magnets 3on the right side as seen, due to the magnetic coupling forces

between the magnets 3 — and vice-versa.

In Figure 5, even if the magnets are brought to a position where they can
pass each other, they will still seek to interlock as in Figures 3 and 4 — that is,
15  they will not pass each other unless forced to. The interlocking magnetic field is

weaker in this position, but will still have the same effect.

Configuring the magnets 3 with poles such that they both repel and
attract one another, provides for a self-stabilised assembly, and creates a far
stronger magnetic coupling 1 than conventional systems. A self-stabilising

20 system is also much safer, avoiding the danger of magnetic elements being fired

out of an assembly at high speed, as may happen in prior arrangements.

As indicated above, locating the magnets 3 in a suitable carrier requires
the provision of a shaped recess to receive and engage with the ribbed sides 31.
This typically requires expensive, precision cutting techniques. The embodiment

25 of Figures 6 to 11 may be improved in this respect.



25 of Figures 6 to 11 may be inproved in this respect. WMgnetic couplings
typically conprise a driver nenber and a driven nenber, which are

conf i gur edlo20170988WEe about a commopn axi s on bearings. Typiraa2biz/oseioghaft is
connected to the driver nmenber and a shaft is connected to the driven
menber to provide torque transm ssion via driver nenber and driven 5
menber, w thout nechanical contact therebetween. Figure 6 shows a
configuration of either driver menber or driven nmenber 1 that forns part of
a magnetic coupling 1. As shown inqFigures 6 and 7, the magnetic
coupling nmenber 1 conprises a plate 2 to support a disc 4 on which a
plurality of permanent magnets 3 are 10 nmounted. A further ring 5 is used
to clanp the magrdegnagicicpupbegsttypinalabeumptisee dives rdemifrendisdrivenand t he
ring 5 are joingd t t her urality of rods in the formof bolts 6

b |
passi ng. t hr SUGROFEAPEG 166 oRbEet 10 roratedhots s seringR a5k PHEaBBRts 6 (o hol d
the magnet s ,5,0,p05ULAR L AHUSEP, PSR RRILATLUEAA% ERGHLIGTEN S, and

can therefo gate the assocl ate cost aving to use speciali st

equi pent . GRaUaivBMBHMBdrRgHrdale MRgDetEnsBRAcAREA rivdrFhéBherddddedmahi ves,
have to be manufactured to extrenely precise dinensions, and are therefore

t ypi cal | y5 cuhembess vapeunittdohimsa contacndergeratindighe bdlavs 6 i n pl ace of a
contai nment ring avoids the need to use expensive |aser cutting processes
during proddeniigpratpretisghesdeyemembereguivcg mepbeahehad domanpdaet éri ng
preci si on as_a C gt%i meny ring. The other elenents that make up the
magneti c coup%%n £OrP ‘'se do not require such precision engineering,
such as the plate 2, disc 4, and ring 5, and can all be nanufactured using
pl asma cutters, ich provides a cheaper manufacturing alternative.

The magnets 3 ar ggwlr%ﬁ]e%ﬁﬁsg gl Qithe BeeactR cCabEs Mg ycugpEics 25

i nterval s about the ri phery of the disc 4. n_the neti c, coupling
rober 11 5 TR LRy CEAR 2078 5 F I ERLR ARt e U honber
such - 125 - mounted. A further ring 5 is used to clamp the magnets 3 in position about the

disc 4. The disc 4 and the ring 5 are joined together by a plurality of rods in the

form of bolts 6 passing through respective holes.

The provision of the bolts 6 to hold the magnets 3 in position reduces

precision manufacturing requirements, and can therefore mitigate the associated

15 costs of having to use specialist equipment. Containment rings for magnets, and
other similar alternatives, have to be manufactured to extremely precise
dimensions, and are therefore typically cut to shape with lasers. Incorporating
the bolts 6 in place of a containment ring avoids the need to use expensive laser
cutting processes during production. The bolts 6 do not require the same

20 manufacturing precision as a containment ring. The other elements that make
up the magnetic coupling 1 likewise do not require such precision engineering,
such as the plate 2, disc 4, and ring 5, and can all be manufactured using plasma

cutters, which provides a cheaper manufacturing alternative.

The magnets 3 are circumferentially disposed at substantially equal
25 intervals about the periphery of the disc 4. When the magnetic coupling

member 1 is magnetically coupled to a further magnetic coupling member, such



that one forns a driver nenber and the other forns a driven nmenber, each
magnet on the driver nenber is configured to be nagnetically coupled with
respect i weormamres®son t he driven nenber with an air gapPCh/dB201246m103 The
magnets 3 are polarised and arranged such that they operate in 5 repul sion
as between driver nenber and driven nenber. Prior known nmagnetic couplings
1 are polarised and arranged such that the magnets 3 operate in attraction.
In these prior systenms the magnets nust be finely bal anced to reduce
torsional vibration that is likely to_oggur. Such torsional vibration can
greatly reduce the efficiency of the torque transm ssion and therefore the
coupling. By 10 operatl in repul sion, losses due to torsional vibrations
are mni m sedat e r@renﬁm@xemndéh@ﬁﬁymé@nm$@dnﬁgh@mh&med@ phing 1 is

i nproved. These syst al | ow r net. cou 1 to be
used, and t HEFEKBPE tﬁa"?ﬁwram & brtadse £ S oeTaCHF tb G0 DRIl S0 al | ow
for a great 0 pﬁp? Such an
arrangenentq%sncévgﬁﬂ/Pﬁ%&ﬁﬁgﬁg?ﬁ§§%k%@%%p gbﬁﬁ%%% rs %gﬁe ‘separated by an

obstruction such as a wall, thus transnlttlng torque t hrough the
obstruction. The ,expl oded |em1 netic coupling

f Figure 8 shows
menber 1, and th gi?eé?] A BY a]ElT’Fél adﬁdsaém&?g ﬁau%}h%l% ﬁf?gf@ it Hi n suchban
arrange”ﬁﬁtIféﬁﬁogéé?mﬂwﬁgﬂ%§%?g&@ﬂ&xgnHQHR%ﬁrﬁQﬁb&BQﬂﬁﬁ Rgﬁ%%&ﬂﬁk’ erng

secured in p by t shown in FIgures

al ternating &pblisedl PRIHIAANEAUEN atRBocl SEhAhhihe PRSIt dbdrektihons. It is
i nportant that the wei ght distribution and symmetry of the magnetic
coupling 1 istrawiont dinnbdseguiasystomstoe afapeet nitve bt dinglye>alrend kmrojee at i on.
Figure 11 shows a section A-A through the side view of Figure 10, and 25
shows the sﬁﬁﬁ%m%¥Viﬁ@“ﬁhﬁﬁéﬁémﬁwﬁﬁ(ﬁﬁéh %%%MW“%?m%W§6m§Hbﬁ%l@ﬁ@ﬁb05|t|on

of the nagnet t he hera circunfer n he di
particul ar, Y5t t% %Ci%’ncy seeﬂwfk torese nr"rlﬁgn% e et[ Cou gafol ts

inner pafg V4 #elﬂatﬁlggﬁlré 19&0591%%%% S (SRR ABLEDnb Qreerﬂﬂﬁ&?sew idy a
respective one of Bol'ts’ 6 to secure the magnet 3 in position.

therefore the efficiency of the magnetic coupling 1 is improved. These systems

allow for much larger magnetic couplings 1 to be used, and therefore much

larger torques to be transmitted. They also allow for a greater air gap between

magnetically coupled members. Such an arrangement can even allow for the
15 coupled members to be separated by an obstruction such as a wall, thus

transmitting torque through the obstruction.

The exploded view of Figure 8 shows the magnetic coupling member 1,
and the positioning of the disc 4 and the ring 5 within such an arrangement.
The disc 4 and the ring 5 couple the magnets 3 together, being secured in place
20 by the bolts 6. As shown in Figures 9 and 10, alternating bolts 6 pass through
the disc 4 in opposite directions. It is important that the weight distribution and
symmetry of the magnetic coupling 1 is maintained so as not to affect the torque

when in operation.

Figure 11 shows a section A-A through the side view of Figure 10, and
25 shows the shape of the magnets 3 in plan view. It also shows the position of the

magnets 3 about the peripheral circumference of the disc 4. In particular, it may



The bolts 6 may be replaced by rods that are threaded or otherw se 5
secured to the disc 4 and ring 5. Figure |l a shows a magnetic coupling
20 conpr iwOrg122098398t er magneti ¢ coupl i ng nmenber 21 and &aATiGBEI2/050098€t | C
coupling menber 23. The outer magnetic coupling nmenber 21 conprises a ring
22 on which a plurality of permanent magnets 3 are nounted. The magnets 3
face radially inwardly and 10 may be as described in the preceding

enbodi ments, having North and South pol es on adjacent faces and nutually
spaced from one another. The inner magnetic coupling nmenber 23 conprises a
ring 24 on which a plurality of simlar permanent nmagnets 3 are nounted,
facing radially outwardly and each projecting into the space between two
opposi ng madreetesn Bhasgacthmagnetet isferrbed aits inng1 pargwéth & prér alatgaesses f or ces

acting on the coupling nenbers. 21,23 ar.e such.that .the coupli menber s

"nterlock i agheBguS terqnaﬁgepwgﬁﬁfswegaﬁf‘e?a? P@tthfzbqlw SUFETEANAS ¢ ho

coupling neqﬁgg&tg%n %%ﬁ%ﬁ? circul ar, they experience equal and opposite
at eac

magnetic forc two opposite points on their peripheries. As
descri bed above, the interleaved nmagnets 3 all assunme an equilibrium

osition 20 wth , respect to the adjacent nets,, so,there is.no tendenc
1I‘O or the coupling M@F@ %,Ytb??ﬁ%&i%g}?ﬁer Sithatags HuetdadPtedbrdiher | fromy
t he equiIgb%%gﬂkgqgkﬁég@cg%nhqggggted. Thus, when the one of the coupling

menbers 21 is caused to rotate about its axis, the other coupling nmenmber
follows it, due to the interacting magnetic forces; the opposing nagnets 3
never cone into ﬁgntact Zg wth one.anotqfr. - 14 .- It has been found
that, with magnet' S84 CgdAsPaI'F § TRASPEHGHRPITE F GURRLSIAS £ OFET MAGBFEC ar e
three di stincholitx AR b8 AlinBARELTE bBlindtrh £2Y5 e Thag.EQUP! | ng
menbers 21, 23 P% %ssuneran eqf%f? riu pé%fi?gﬁ%¥%Frst?y,'as iPlustrated,

wi th shal | ownhgiegit lceaplimigmembehel ragipekss BrinSes ndllyich wWipldra er 5
interleaving of the magnets 3. And thirdly, in a configuration where the
magnet s 3 arpermenentrrhagrceny ed, mbuttetlhdhiermagnetad fret sadalhriewspiredd by a

smal | ampunt fromthe quter magnets. 3. Wth a rotary upling 20 as

i |1 ustrat®d,menhke Ab Gt AR @ﬁ@de%eﬁf%qmg}ﬁaa e\ é%fgé%tht o the

i nner coupl i 23 i i ter yelativ o the outer | ing menber

21 that 15 4ok T ATRe LR SRR bR e i I E TR e

slightly | esfadde@in chhbisd m@h@e 23 comprises a ring 24 on which a plurality of similar
permanent magnets 3 are mounted, facing radially outwardly and each projecting

into the space between two opposing magnets 3 on the outer member 21.

15 In use, the magnetic forces acting on the coupling members 21,23 are
such that the coupling members interlock in an equilibrium position generally as
fllustrated. As the coupling members 21, 23 are circular, they experience equal
and opposite magnetic forces at each two opposite points on their peripheries.
As described above, the intetleaved magnets 3 all assume an equilibrium position

20  with respect to the adjacent magnets, so there is no tendency for the coupling
members 21, 23 to move with respect to each other, from the equilibrium
position as indicated. Thus, when the one of the coupling members 21,23 is
caused to rotate about its axis, the other coupling member follows it, due to the
interacting magnetic forces; the opposing magnets 3 never come into contact

25 with one another.



An inportant practical advantage of couplings 20 as illustrated is that the
coupling nenbers 21, 23 tend naturally towards an equilibrium position.
Thi s mearwothet098398 contrast to known prior art, the compriGRroR20sewd be
assenbled with relatively |low precision; there is negligible danger of
magnets colliding to 15 cause damage to conponents; and negligible risk of
magnets being expell ed at dangerously high velocity. Thus, couplings 20 can
be produced at much | ess cost. Since the coupling nmenbers 21, 23 tend
naturally towards an equilibriumpositigp in which the coupling nenbers 21,
23 are concentric, forces 20 experienced by bearings for the coupling
menbers 21, 23 are nuch less than in other, prior art proposals. This
further faciIitaﬂébaQh@ﬂhﬁwaﬂah@uﬁ@boﬁ%ﬁﬁghég@ﬁX@bUpmag1§@§é@WWBé§0at | ow
cost. The gr vitatioggl n$rces.on t he. coupling ne ersgfl, ZgQare | ow
conpared to thEGHRGIFENIE Fignc duxtapositions qy npganGes WY EGhERS ¢ coupling
menber 1 is [: | ; 5 L; a i,ts |l ongitudina
axis. It is(%%kgg é%%ﬂ%ﬁggﬁgﬁgég¥ﬂggbo %ﬁ@ggfﬁ%gg%ggﬁé?%gﬁ%f%ular to the

axis of rotahi@fted, witkdsiallow inteﬂéﬁﬂn%oﬁ&&ﬂﬁhé&t@@.uB&:éd_ﬂﬂll;i, %iﬂ@&i%géhp of a
driver menber 7 and a driven nenber 8, each as shown in Figure 12, with an

air gap in betewesning as tshowgndtn3 FiAgulrirdB, it heomhigwaromwehberthy nognesy s
torque to the driven nenber 8 through the magnetic coupling provided by the
field ther ebbtigewh INtTHEAVEE it the Ecpmagary 5irgspasse byrfosredl] vrepuneiv®r s ar e

R R N O T G

eqyilibriun1o?OP(% . . . .
driver ”EUbQﬁmﬁkﬁ%dkhﬁmjﬁhﬁﬁ&ﬁﬂ&ﬁhﬁﬁﬁ%po@ﬂE@ﬂﬂﬁﬂn&%%dbpﬁn bBAl,@ingol ari sation
is showmn in Figure 12, such magnets 3 may al so be nmuttiply polarised to

provi de a pldigatict yeladvepol s puae couglirpgmembar 20 ciedquayiddscrmgi)stigledyf i el d for

torque transm ssion. Although the na?netic coupling nenber 1 is shown in
Fi gure 110 asgreater than illustrated, and slightly less than illustrated.

An important practical advantage of couplings 20 as illustrated is that the
coupling members 21, 23 tend naturally towards an equilibrium position. This
means that, in contrast to known prior art, the coupling 20 can be assembled
with relatively low precision; there is negligible danger of magnets colliding to

15 cause damage to components; and negligible risk of magnets being expelled at
dangerously high velocity. Thus, couplings 20 can be produced at much less

cost.

Since the coupling members 21, 23 tend naturally towards an equilibrium
position in which the coupling members 21, 23 are concentric, forces
20 experienced by bearings for the coupling members 21, 23 are much less than in
other, prior art proposals. This further facilitates the manutfacture of magnetic
coupling assemblies at low cost. The gravitational forces on the coupling

members 21, 23 are low compared to the magnetic forces.

In Figure 12, a magnetic coupling member 1 is cylindrical and intended
25 for rotation about its longitudinal axis. It is polarised such that the polarisation

is perpendicular to the axis of rotation.



being of circular cylindrical shape, other shapes may be used, such as
cylinders of other section and blocks. In the configuration shown in Figure
13, the awo 2gepokesween nenbers 1 15 nay be nuch great ePCriGB2R050®@At i onal
couplers. This facilitates separation between the nenbers 1, with the
interposition of structural or functional elenents (e.g. seals) that do not
interrupt the magnetic flux significantly. A significant feature of
magneti c coupling nenbers 1 is that the magnetic field nay extend nuch
further than with known couplings. 20Asighown in Figure 14, a simlar
arrangenment of driver menber 7 to driven nenber 8 can be used to provide
torque transm ssion, where the driver nmenber 7 is larger in dianmeter than
the driven nmenberW8en agnagnigc cavpjeg idlinzace tugrofriedesr n8cmbst ‘bend hdriden ver
menber and snal | er _diameter nmenber 7 ﬁ?e. riven nenmber. - 16 - . One
driver membePCPELE AFlas g@"&%ﬁ‘f igHFett- tEtRT VL3P B RFHICF RS ShOWRiDen

menmbers 8, a5, $AOWN Ny HLIW EIR-7 IR Lo¥g {Bet?}g%%ﬁneﬁ 9 0aLs ﬂﬁggg}to be

posi tioned aldng the sane axis of rotation'as t river nenber ut can

be set at anhanglgdeti®chiplinkifdtiided By ShONEIdaNeRbERRGBNEME PMMETRs biiGaiaxi s of
rotation of 5 the driven nenber 8 is at 45 degrees to the axis of rotation

of the dr% vetriveeahédriven hengbess sneat ioppoviteediecdtives dr tackrothendret c@ahas its
axis of rotation positioned at 90 degrees to the driver nenber 7, one or
mor e i nt er mEBREHEAEY thiie SNTHEIFRIIB T O b1 GBagRGlSs KD ME | 8PeCAREHINGS shown
in Figure 17, The 10 torque fromthe driver menber 7.is conveyed to an
internediarfoggFﬁﬁ%P%%ﬁ% Pvgngfg%ﬁrZﬁ%ﬁgzg?v%kﬁﬁgﬁ?%és to the axis of
rotation of the driver nenber 7, and

Although only a single polarisation is shown in Figure 12, such magnets 3

may also be multiply polarised to provide a plurality of poles, according to a

10  required magnetic field for torque transmission.

Although the magnetic coupling member 1 is shown in Figure 12 as
being of circular cylindrical shape, other shapes may be used, such as cylinders of

other section and blocks.

In the configuration shown in Figure 13, the air gap between members 1
15 may be much greater than conventional couplers. This facilitates separation
between the members 1, with the interposition of structural or functional
elements (e.g. seals) that do not interrupt the magnetic flux significantly. A
significant feature of magnetic coupling members 1 is that the magnetic field

may extend much further than with known couplings.

20 As shown in Figure 14, a similar arrangement of driver member 7 to
driven member 8§ can be used to provide torque transmission, where the driver
member 7 is larger in diameter than the driven member 8 — or the larger
diameter member 8 may be the driver member and smaller diameter member 7

the driven member.



further conveyed to a second driven nmenber 8, positioned at an angle of 45
degrees to the axis of rotation of the driver nenber 7. This arrangenent
ensures awerD(83I9St r ansm ssi on between the driver menbecT/GERar/tSh®3fi nal
15 driven nmenber 8. Torque can therefore be transferred through any angle
of driver nenber 7 to driven nmenber 8, through the use of internediary
driven nenbers 8 where necessary. As shown in Figure 18, a driven nenber 8
can be contained within a driver menber 7 (or vice-versa), thus formng
a magnetic coupling of drum 20 confi guragion. In Figure 18a, magnet
coupling nmenbers conprise a driver nenber 7 and a driven nenber 8, each of
annul ar configuration and conprising a permanent magnet that is polarised
per pendi cul ar t o @hedrivendinsmbgs7 shiwako berronfigeredxadpive 2 orhtyrmdrdseies 7 and
8 are arranged 't% t he sane olari%ifs Has. - 17 - d Asﬁfho in
Fi gure 18b, BEEREG fheNAFR Yetigra! Yr T e ArReEhBerber 8 dpaotgged Pon a
respective , i rer | i i 28 t hat
Rdondd a1 a:c%%%&m% ifq% Yrh &R As ?hc{ ﬁﬁ\pe?%%r%@#%%g Qﬁbu&g set

all ows both ‘rotati ona axi al novenent o e sha o the

i nteracting JAagnablicGofiormesse th@odisianelrraBemehi WRErcNMBEREE Sf PotdiiSn @FSUME A
mut ual spaced equilibriumposition where they interlock, as shown in Figure

18b. Wherb t hbe drivee mammdyéris At 45 degtet ®dthe tikis cdrowenn g nbbedriBerf ol | ows it
(and vice-versa should the driven nmenber 8 be rotated). Al so, when the
driver menbePePbEs’.npved towards the driven menber 8 - to the left as seen
- the driven nenber 8 noves also to the left. As shown in Figure 18c, when
10 the driven nenber 8 is noved towards the driver nenber 7 - to the right
as seen - the drilwersimeribewheraveelivahsoembert hbay itginis of rotation

positioned at 90 degrees to the driver member 7, one or more intermediary
driven magnets 8 can be positioned therebetween, as shown in Figure 17. The

10 torque from the driver member 7 is conveyed to an intermediary driven member
8 at an angle of 45 degrees to the axis of rotation of the driver member 7, and
turther conveyed to a second driven member 8, positioned at an angle of 45
degrees to the axis of rotation of the driver member 7. This arrangement
ensures a smoother transmission between the driver member 7 and the final

15 driven member 8. Torque can therefore be transferred through any angle of
driver member 7 to driven member 8, through the use of intermediary driven

members 8 where necessary.

As shown in Figure 18, a driven member 8 can be contained within a
driver member 7 (or vice-versa), thus forming a magnetic coupling of drum

20 configuration.

In Figure 18a, magnet coupling members comprise a driver member 7
and a driven member 8, each of annular configuration and comprising a
permanent magnet that is polarised perpendicular to their axis, as shown. In this

example, both members 7 and 8 are arranged with the same polarities N-S.



Thus, as described in the foregoing, a coupling as illustrated in Figures
18b and 18c can effectively transmt torque w thout contact, thereby

reduci ng wbeorges3ssor seal s and al |l owi ng obj ects such agCraiB28124050t98 pl aced
bet ween the 15 driver and driven nmenbers 7, 8. If the driven nenber 8

i s disposed inside the driver nenber 7 as shown in Figure 18d, it wll

adopt an equilibriumposition in which its N and S pol es respectively
oppose the S and N poles of the driver nmenber 7. As seen in the cutaway
view of Figure 18e, the axial end face ¢f the driven nmenber 8 is axially 20
spaced froma nounting 37 of the driver nmenber. 7. As before, the bearings
27, 28 allow both rotational and axial novenent of the shafts 27, 28 and

each of the menbeksstowginfloightswsdh; orch ¢lotaldriamtaskildremmearhsnt 7,86 t he
Sl ceve my  aPGUE BrobrOed st bilhd -+ HEG VA RS e Bk 1o
shows an ar ftﬁ&%@mtbo%Igagpgérﬂa\%ﬁg%ﬁ%{'d%%meﬂ@Sfﬁlets'illﬁftdz’ﬁ ygr menber 7 is

configured to Ive a circu conprising an artay of axially 5

pol ari sed magnets, arranged in a circular pattern and thus formng a driven
menber 8. The axi,§ of rot.ation of driver nenﬁﬁr 7 isngﬂian aqg%g of 90
degrees to the axP¥ it HEPEFIGRSIRAGREC fpichs A apdAng drFcg e B shows a
cylindri cal 0. W th RV Lehes i ri t hat
define po eFQ%%%@%F%%n%%%ﬂg%%%ggh%%éae%ﬂaggﬁe ugéggygugﬁé% ng%ﬁé%}on. The

cylindrical inagnet 136, iWhpellas ised penpentisclaed, ¥he Arivésnrxitergf rotation.
If a plurality of cylindrical nmagnets 10 are stacked together and their
di rections dbllpeb ar(psdvicervesneshanidahgeldven orenlbeats hdeyattdr. Miaospheral | i ng

arrangenent through the length of the spiral drive wheel 11, as shown in
Figure 21, tt%% délﬁ?fr%ﬂenﬁw\?és Mesed tﬁ\iﬂﬁ@ﬁ%ﬁﬁ@%@ﬁ@bﬁ@ codaphs 4% HeytBer with

spiralled 15 porth .and. 30Ut & PRLE%o o the lefr. As shown in Figure 18c, when

10  the driven member 8 is moved towards the driver member 7 — to the right as

seen — the driver member 7 moves also to the right.

Thus, as described in the foregoing, a coupling as illustrated in Figures
18b and 18c can effectively transmit torque without contact, thereby reducing
the need for seals and allowing objects such as walls to be placed between the

15 driver and driven members 7,8.

If the driven member 8 is disposed inside the driver member 7 as shown
in Figure 18d, it will adopt an equilibrium position in which its N and S poles
respectively oppose the S and N poles of the driver member 7. As seen in the
cutaway view of Figure 18e, the axial end face of the driven member 8 is axially

20  spaced from a mounting 37 of the driver member. 7. As before, the bearings 27,
28 allow both rotational and axial movement of the shafts 27, 28 and each of the

members 7, 8 follows rotational and axial movement of the other.

The mounting 37 may be of mild steel, to increase the torsional strength

of the coupling and, optionally, may be extended to form a sleeve around the



The spiral drive wheel 11 of Figure 21 can be used to drive a circular
wheel or array of nmagnets when magnetically coupled to it, as shown in

Fi gure 22vOThe/oysiyset s i n such an arrangenment form a nago@idB012005modri ve,
but w thout the energy | osses associated with equival ent mechanical worm
drives due 20 to friction between connecting parts. The nmagnets within the
driven nmenber 8 or circular wheel, can be axially or radially polarised
according to the placenent of the spiral drive wheel 11 in relation to it.
The gear ratio can be very great - raLigg of 100:1 may be possible, for
exanple. - 19 - neighbouring output shafts wth parallel axes of rotation.
The transm ssion is far snoother than that which can be achieved using

sol i d bl ock dragnetesabatfeta crdrec spinetid stragedol Arhgal slenveanmyadgebent . Such

an arrangenent of .spiral drjve wheels 11 can therefore be used for |inear
drive systeﬁﬁpwﬁﬁéégﬂFehﬁﬁfkvﬁ?r??%%?ﬁ nal 5 driver or driven nenbers are
shown and/or described in this specification, |inear equivalents my be

substi t ut ed. Magnetic coupling nmenbers such as the nenbers 1 and 10
may be manuf act urléguserl§mbavsanarsageneteoignagrasigyriohye, Witsire hecdivase

nmoul ded and sin%gaﬁd, and cut t .sh%ﬁegﬁ%tgﬁngnDnd.mjres. 10NEgne iC
coupl i ngs ustfy Edireist e HE 4 AFERE Mo hay O OpEr B 8™ Vi fidtYy 100%
ef ficienc i t r: i i I be used
Ch magnets ¢ TodatiR AMANR ARLNAN Ml BhALLANR b B0RRMTn, THEVTRY DO Loes

to drive an mghbti & The ALY rPUABA of driver MVBRGREY iiCaCAUHANGEI LS Ees
enbodi nents of the invention may conprise 15 magnetic coupling menbers
arranged i n teithhexis of rematian of drcémtani membag8. t o form coupl i ngs, or in
separate rings to form gears. In this specification, the verb
"conprise"” has its normal dictionary neaning, to denote non-exclusive

inclusion. That iSiguis® siowshecyndcal 6oEped Hew. ithcylmam%y SHndiélfes@buvat i ves)
to include one feature or nore, does not exclude the 20 possibility of also
i ncl udi ng f utstreeiphtgathar égincTivde sepngertprreflenalbeetsed or taknypabrque in
10 rotation. The cylindrical magnet 10 is polarised perpendicularly to its axis of
rotation. If a plurality of cylindrical magnets 10 are stacked together and their
directions of polarisation are arranged such that they form a spiralling
arrangement through the length of the spiral drive wheel 11, as shown in Figure

21, the spiral drive wheel 11 forms a magnetic coupling member with spiralled

15 north and south poles.

The spiral drive wheel 11 of Figure 21 can be used to drive a circular
wheel or array of magnets when magnetically coupled to it, as shown in Figure
22. The magnets in such an arrangement form a magnetic worm drive, but
without the energy losses associated with equivalent mechanical worm drives due
20 to friction between connecting parts. The magnets within the driven member 8
or circular wheel, can be axially or radially polarised according to the placement
of the spiral drive wheel 11 in relation to it. The gear ratio can be very great —

ratios of 100:1 may be possible, for example.

Figure 23 shows two spiral drive wheels 11 magnetically coupled as driver

25 and driven members respectively. In this way, torque can be transmitted to



its derivates) indicates one feature or nore that is preferred but not
essenti al . The reader's attention is directed to all papers and
docunent swoton9ssss fil ed concurrently with or previ ousPCO/GENE/050103
specification in connection with this application and which are open to
public inspection with this specification, and - 20 - the contents of al
such papers and docunents are incorporated herein by reference. Al of the
features disclosed in this specification (including any acconpanyi ng
claims, abstract and draw ngs), and/or abl _of the steps of any 5 nmethod or
process so di scl osed, may be conbi ned in any conbi nation, except

conbi nations where at |east sone of such features and/or steps are nutually
excl usi ve. ncighbogsiep obgattishefteiviblrasdlg! axesohiretagpac ilhic deanismssidmis ifardi ng

i | ai s, t t .d i - b I db
oY 2oCOMay ol LD SRR 26 RS SOl BSOSO,
unl ess_expr essl S 1t Sl Q1 NS G TNUSel, HDLESSBXRL 693k AL gL akNer i se,

each feature IS one anpl e only generi c series

equi val ent orf &innthkFork@Rtute@Sor linear drivl1ystdENtIn@Bed, Svit@dv ek @statibgdled to
the details of the foregoing enbodinent(s). The invention extends to any

novel one; afriv@nyr dovel ntHleosricrshbivorandgdr tereribediruthesspdicEchosed in this
speci ficatiaon (including any acconpanyi ng cl ai ns, abstract and draw ngs),
or to any noVERT gtevalents gy hesvertiesighi nati on, of the steps of any method
or process so disclosed.
Magnetic coupling members such as the members 1 and 10 may be
manufactured from a rare earth (e.g. neodymium), which can be moulded and

sintered, and cut to shape with diamond wires.

10 Magnetic couplings using embodiments of the invention may operate at
virtually 100% efficiency and may withstand very high rotational speeds. The
may be used in magnetic gearboxes with electric motors. For example, they may

be used to drive an artificial heart pump.

Magnetic couplings using embodiments of the invention may comprise
15 magnetic coupling members arranged in either circular concentric rings to form

couplings, or in separate rings to form gears.

In this specification, the verb "comprise" has its normal dictionary
meaning, to denote non-exclusive inclusion. That is, use of the word "comprise”
(or any of its derivatives) to include one feature or more, does not exclude the
20 possibility of also including further features. The word “preferable” (or any of

its derivates) indicates one feature or more that is preferred but not essential.

The reader's attention is directed to all papers and documents which are
filed concurrently with or previous to this specification in connection with this

application and which are open to public inspection with this specification, and



- 21 - CLAIMS 1. A magnetic coupling conprising first and second coupling
menbers, each having a respective series of permanent nagnets that project
from t he wouplzagosenber; wherein, for each of the seri @ST/GRroe/36108he
magnets has 5 opposite faces of opposite polarity and consecutive nmagnets
are spaced fromone another with said faces of consecutive nmagnets of
alternating polarity; the coupling nenbers being juxtaposed with the
respective series of magnets di sposed opposite but offset from one another.
2. A magnetic coupling according to claphmn 1, wherein each of the magnets 10
of each series projects into a space between two nmagnets of the other
series wth opposing faces being of opposite polarity. 3. A magnetic

coupl i ng acdbe @pnigntsoicillaivgh papers 2nd wieereicntssa¢ theotuphricddienenters are
rotary rrerrberf with their respective nmagnets arranged around their
periphery. 158"A¢Kmagnetic coupling according to claim3, wherein said
coupling nenbers are arranged concentrically one inside the other. 5. A
magneti c coupling according to any of clains 1 to 4, wherein said nmagnets

are of rhonboid shapef the features dichosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any
5 method or process so disclosed, may be combined in any combination, except

combinations where at least some of such features and/or steps are mutually

exclusive.

Each feature disclosed in this specification (including any accompanying

claims, abstract and drawings), may be replaced by alternative features serving
10 the same, equivalent or similar purpose, unless expressly stated otherwise. Thus,
unless expressly stated otherwise, each feature disclosed is one example only of a

generic series of equivalent or similar features.

The invention is not restricted to the details of the foregoing
embodiment(s). The invention extends to any novel one, or any novel
15 combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel

combination, of the steps of any method or process so disclosed.



6. A magnetic coupling according to any of clainms 1 to 5 wherein said 20
coupling nenbers are in accordance with any of clains 7 to 12. 7. A
magnet i c wouplzaegzosenber conprising a carrier and a pl uralriGBzoiosp@®B nanent
magnets nmounted on the carrier, wherein each of the magnets is formed with
at | east one recess and a plurality of rods are provided on the carrier and
engage the recesses to secure the nmagnets on the carrier. - 22 - 8. A
magneti ¢ coupling nenber according to claim7, wherein each of the magnets
has a pair of said recesses at opposite,sides of a base portion of the
magnet. 9. A magnetic coupling nenber according to claim7 or 8, wherein
said 5 carrier conprises a pair of elenents arranged with the magnets

bet ween t herGLAEM® of the el enents carrying a series of rods that alternate
with the rods on the other of the elenents. 10. A magnetic coupling nenber
according to claim7, 8 or 9, wherein each of the magnets projects fromthe

carrier to define a salient le. 10 11. netic coupling nenber
accor i ng t o any of "CRRF A5 EoT RHIET T BRCH <GR CHEP HERET DS
pol ari sed tq,af E%H%% r%@fet:ﬁvéa Qs BF Bgﬂﬁa@ngﬁlr%%fletts hﬁat&@gf&@{ fr8Rd@ South pole
at the other side. 12. A'magnetic coupling nmenber according to any of clains
7 to 11, wheseblingaicthlicegdshaks, fdr dabk off olidn@feshath f the magnets has
5 opposite faces of opposite polarity and consecutive magnets are spaced from
one another with said faces of consecutive magnets of alternating polarity; the

coupling members being juxtaposed with the respective series of magnets

disposed opposite but offset from one another.

2. A magnetic coupling according to claim 1, wherein each of the magnets
10  of each series projects into a space between two magnets of the other series with

opposing faces being of opposite polarity.

3. A magnetic coupling according to claim 1 or 2, wherein said coupling
members are rotary members with their respective magnets arranged around

their periphery.

15 4. A magnetic coupling according to claim 3, wherein said coupling

members are arranged concentrically one inside the other.

5. A magnetic coupling according to any of claims 1 to 4, wherein said

magnets are of rhomboid shape.

6. A magnetic coupling according to any of claims 1 to 5, wherein said

20 coupling members are in accordance with any of claims 7 to 12.

7. A magnetic coupling member comprising a carrier and a plurality of
permanent magnets mounted on the carrier, wherein each of the magnets is
formed with at least one recess and a plurality of rods are provided on the carrier

and engage the recesses to secure the magnets on the carrier.



15 13. A magnetic coupling conprising a pair of magnetic coupling nenbers
each arranged to rotate about a rotational axis, at |east one of which
menber s cwopnizwe3va body of pernmanently magnetic materi aCTidBR012Vs03! ar i sed

in a direction perpendicular to said rotational axis. 14. A magnetic
coupling according to claim13, wherein the or each said 20 body is
cylindrical. 15. A magnetic coupling according to claim13 or 14, wherein
the or each said body is of circular section. - 23 - by side, with their

directions of polarisation offset fromene_another in a spiral pattern.
17. A magnetic coupling according to claim 16, wherein said one coupling
menber is magnetically coupled as a wormdrive with the other coupling 5
menber, whi ¢h conpk wgsctic edundiogancmetrecordingto daimgrehéreinceaghlof wee
according to claim 13, 14 for .d15, wherein the couplfi gg menber s a]ée axially
spaced from BHECENSSHERAr O id KChsighat PRPBEESIGCHET ALEY RGOS TRt ai m 13, 14
or 15, wher .%gr{ he coupling menbers are arranged concentrically wthin one
anot her. 10 .&'magneti c coupling according to any of clainms 13 to 19,
wherein a nmetal sleeve is provided around said body of at |east one of the
coupling nempers. A madhetidcoBgingtrhénbeuRtbRindfo 8Pl iR, Wheket sa¢cor di ng
to any of the preceding clains, wherein the or each pernmanent nagnet or
body of 1% permarentiriscsagnie ol clemmngy irsdngedpth Segnagnesy leetwaen hamt er i al .
each of the elements carrying a series of rods that alternate with the rods on the

other of the elements.

10. A magnetic coupling member according to claim 7, 8 or 9, wherein each

of the magnets projects from the carrier to define a salient pole.

10 11. A magnetic coupling member according to any of claims 7 to 10,
wherein each of the magnets is polarised to afford a North Pole at one side of

the magnet and a South pole at the other side.

12. A magnetic coupling member according to any of claims 7 to 11,

wherein said rods are in the form of bolts.

15 13 A magnetic coupling comprising a pair of magnetic coupling members
each arranged to rotate about a rotational axis, at least one of which members
comprises a body of permanently magnetic material that is polarised in a

direction perpendicular to said rotational axis.

14. A magnetic coupling according to claim 13, wherein the or each said

20  body is cylindrical.

15. A magnetic coupling according to claim 13 or 14, wherein the or each

said body is of circular section.

16. A magnetic coupling according to claim 13, 14 or 15, wherein at least

one of the coupling members comprises a plurality of said bodies arranged side



22. A magnetic coupling or coupling nenber according to claim?21l, wherein
said rare earth material conprises neodym um 23. A nmagnetic coupling
menber swwetarti9sidgsy as herei nbefore described with ref @ecemaBot2050tv8
acconpanyi ng drawi ngs. 20 24. A magnetic coupling conprising a plurality of
magneti c coupling nenbers according to any of clains 7 to 12, magnetically
coupled with one another. - 24 - 25. A magnetic coupling according to any
of clainms 1 to 6 or 13 to 24, being a rotational coupling. 26. A magnetic
coupling according to any of clainms 1 tez6_or 13 to 24, being a |inear
coupling. 5 27. A magnetic coupling substantially as herei nbefore descri bed
with reference to the acconpanyi ng draw ngs.

by side, with their directions ot polarisation offset from one another in a spiral

pattern.

17. A magnetic coupling according to claim 16, wherein said one coupling
member is magnetically coupled as a worm drive with the other coupling

5 member, which comprises a circular member.

18. A magnetic coupling according to claim 13, 14 or 15, wherein the

coupling members are axially spaced from one another.

19. A magnetic coupling according to claim 13, 14 or 15, wherein the

coupling members are arranged concentrically within one another.

10 20. A magnetic coupling according to any of claims 13 to 19, wherein a
metal sleeve is provided around said body of at least one of the coupling

membets.

21. A magnetic coupling or coupling member according to any of the
preceding claims, wherein the or each permanent magnet or body of

15 permanently magnetic material comprises a rare earth material.

22. A magnetic coupling or coupling member according to claim 21,

wherein said rare earth material comprises neodymium.

23. A magnetic coupling member substantially as hereinbefore described

with reference to the accompanying drawings.

20 24. A magnetic coupling comprising a plurality of magnetic coupling
members according to any of claims 7 to 12, magnetically coupled with one

another.
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- 24 -

25. A magnetic coupling according to any of claims 1 to 6 or 13 to 24, being

a rotational coupling,.

26. A magnetic coupling according to any of claims 1 to 6 or 13 to 24, being

a linear coupling.

5 27 A magnetic coupling substantially as hereinbefore described with

reference to the accompanying drawings.



